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ABSTRACT 
In the manufacture 0 f fully- fashioned kni t+ ed outerwear, 
it is usual for the garment secti~ns to be constructed with 
a lower r ib portion on to which is knitted a fashioned section 
of plain knitting. The majority of fully - f a shioned knitting 
machines are capable of producing only the plain fabric 
section, the rib portion being knitted separately on 
' V'-bed machines . In order to knit the plain section of the 
garm ent pieces on to th e rib, each loo p of therib must be 
transferred t o a corresponding knitting element on the ful l y-
fashioned knitting machine . It is common practice within the 
knitwear industry to perform this tra nsfer manually, each 
loop of a slack course in the rib being impaled on to a 
point of a magazine bar, the excess courses of " knitting 
being unroved a s waste . The loops are then transferred from 
this bar, via a feeding bar on to the knit t i ng e l em ents of 
the fully-fashioned machine. This manual transfer o f the 
l oops is both tedious and sxpensive in terms of labour. 
However, th ere ar e r e c ently de v lopeJ mach~ ~E= on the mar ke t which 
will knit the rib and transfer it automatically to a magazine 
bar but they are both expensive and also render the exis ting 
plant obsolete . 
This thesis describes the con c ept , design and development 
of a novel patented automatic rib transfer system which 
relies on the relatively inexpensive modification of existing 
'VI-bed knitting machines . The modifications are aim ed 
(xvii ) 
at providing a sub- assembly attachment suitable for a variety 
of ·t ' V'-bed knitting machines. Bars loaded automatically 
by these rr~dified machines may be f ed to any fully-fashioned 
knitting machine via a specially developed "gauge-changing" 
device to alter the pitch of the loops from that of the 
' V' -bed machine to that of the fully-fashioned machine . 
These automatically loaded bars may also be used to feed 
either a moder n semi- automatic "linking system", such as 
the Boehringer Autolinker, or, in certain cases" a 
conventional linking dial. 
NOTE . 
Th e t er m 'ri b transfer' is used i n t he c : ~ :ext of th~s th esi s 
to describe the operation o f tra ns f erring a ~ =it ted ri b fr om 
a ' 'l '- be kni t ting machi ne t o a s t r ai gh t ba ~ ~ni t ing machine . 
1 
CHAPTER 1 
I NTRODUC TION 
In order to put into perspective the work undertaken in thi s 
thesis , it is necessary to describe the processes invo lved in the 
manufacture of knitted garments such as jumpers , pullovers, cardigans , 
and similar knitted outerwear . 
1.1 Knitted Outerwear Manufacture 
Tradi tiona l knitted out'erwear gar ments are formed by the assembly 
of shaped knitted panels . The s e panels may be shaped at the knitting 
stage , a s in t he hi gher quality "fully- f ashioned" garmen t, or after 
kni tting, as in t he cheaper " cut- and- sew" garment . The f ash ioned 
garment panels may be kni tt ed on three basic t ypes of knitting machines , 
i . e. ' V'-bed machines, straight bar "fully- fashioned " machi ne s 
( See Sec tion 1.1.1 ) , or circular single- jersey or double- jersey 
machines. 
1 . 1 .1 Weft Knitting (general ) 
Kn i tting is a process in which roYls or COUTses of Y".rn l oops are 
f ormed into a fabric structure . Two basic methods of knitting exi s t; 
(i) weft knitting (Fi g 1 .1 ) where on e or more single yarn s are loop ed 
as they are laid across a row of needles in the weft (transv'er s e) 
direc t ion ; and ( ii) warp knitting (Fig 1.2) where parallel multiple 
warp ya rn s are looped together as they are drawn from a beam or ya rn 
s tore in the warp ( l ongitudinal) direction. In thi s present work , 
only weft kni t ting wi ll be con s i dered. 
There are two fundamental types of weft knittin g machine , namely 
those using " latch" needles (See Fig 1. 3) to form the yar n loops an d 
those us i ng "bea rded " needles (See Fig 1 . 4) . Latch needles are used 
2 
Fig . 1 . 1 Weft knitted structure 
Fig . 1 . 2 Warp knitted structure 
3 
-
a . b . c . 
Fig . 1. 3 The formation of weft knitted l oops with a latch needle 
a . b . c . 
Fig. 1 . 4 The formation of weft knitted loops with a bearded needle 
4 
mainly in 'V' - bed and circular machines, bearde~ needles b eing 
used in straight bar fully-fashioned machines. 
The la tch needle i s normally located in a slot er trick in which 
it may slide (Fig 1.3) . In 'V ' -bed machines eacL needle is 
raised and lowered by a linear cam moun ted in a carri age which moves 
along the machine jus t above the beds and ac ts upoe the needle 
butt. To form a knitted loop with a latch needle, tJ:e needle is 
ra ised in th e trick so that the loop around the need l e falls behind 
the latch. Thi s loop is held in position by the verge (See Fig 1 . 3a) 
and by the tension applied to the fabric. \Vi th th e ueedle in the 
knitting position a yarn is l a id into t he knitting z c ~e ( Fig 1 . 3b) 
such that, as the needle i s lo;;ered by the cam profi:'e, the loop 
around the shank of the needle closes the latch th e~eby trapping 
the yarn into the hook . The verge, f abric t ens ion ~d adjacent 
needles cause the pr ev ious loop t o be cast off the n eedle , whil s t 
forming the laid-in yarn into a l oop (Pig 1 . 3c) . ThE process is 
then repeated , the knitting elements being operated ~y the linear 
cam s in the cam box of the machine . Raising and lowering th e various 
cams in the cam box selects the path travelled by the butts of the 
elements and thus the action of the element. (See Section 6.2 .3). 
Fully- fashioned knitting machines are referrro t c as straight 
bar machines because their bearded needles are located in a straight 
needle bar. To form a knitted loop, the needle bar is raised , the 
f abric ten s ion retaining the previous loops against ~ne knocking-
over bit s , whilst yarn i s l a i d along the whole need lE bank, being 
kinked around the needles by the sinkers (Pi g 1 . 4a ) ~o provide 
sufficient yarn to form a loop. The needle bar i s lcwered with 
respect to the knocking- over bits until the previous loops are 
--- -----------------------------------------------------
Fig. 1.5 Cross-section of a ' ,V'-be d knitt i ng machin e 
a. b. c. d . 
Fig. 1 . 6 The action of a set of narrowing points 
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almost at the beards of the needles; at this point the lower leading 
edge 01 the sinker bed reaches a position such that it closes the 
beards around the newly kinked yarn (Fie 1 . 4b ). The needle ba r 
continu es to fall slipping the previously formed loops over the 
newly kinked yarn to form a new course (Fig l . ~c ) and the elements 
return to their starting positions . 
The previous descr iptions refer to the knitting of pl ain f abric, 
which has a different appearance on each side . A rib fabric is for~ed 
by two sets of knitt ing elements and appears identical on both sides . 
An example of a rib knitting machine is the ' V'-bed machine , 
the knitting elements being carried in two bee s positioned in an 
inverted ' V' (See Fig 1.5 ). 
1 . 1 . 2 "Fully- Fashioned" Garment I:' anufacture 
The term "fully- fashioned" or "full-fashior. ed" refers to the 
shaping of the gar men t pieces at the knitting ~tage (See Plate 1 . 1). 
"Fashioning" is accomplished on straight bar machines by either 
widening cr narrowing the width of knitting every few courses; thi s 
involves trans ferrin g the edge or selvedge loops of the f abric either 
out;'lards or inwards by one needle pi tch . In practice the last six 
or so loops of a course on each side of a fabric piece are transferred 
from the knitt i ng elements onto a se t of narrowing points (See 
Fig 1 . 6a , b , c&d & Plate 1 . 2) . The points are then moved in or out 
by one or two pitches (Fig 1 . 6c) and the loops then returned to the 
adjacent needles (Fi g 1 . 60 ) . Thus, knitted p~~els may be s haped as 
required (See Plate 1 . 1) . 
It is u sual t o knit the garment pieces with a border or rib 
fabri c i . e. the cuff and waist- band of the garment , the remainder 
of the piece being in plain knitting . The majority of str a ight bar 
8 
knitting machines knit only pl a in f abric (there ar e rib knitting 
vers i ons ( See Secti on 4 . 5) but t hes e are both more expen s ive, mo r e 
complex and s lo"ler than the plain machine ) and so t he ri b portion 
of the garment is u sually knitted on a flat ' V'-bed knitt i ng machin e 
(Pl a te 1 · 3) . This rib border is then transferred from the 
' V'-bed knitting machine t o the stra i ght bar machine by one of two 
pr ocesses (See Section 1 . 3) . 
1.1.3 Cut and Sew Garment Manu fac ture 
Vl ith t h is simpler type of gar men t , the individual panel s a re 
shaped by cutt i ng r a th er than by fashioni ng . Generally the styl es 
are simpler and gar ments made by thi s method a re a imed at the lower 
end of th e marke t . The pr ocess i s cheaper than "fully- fashioned" 
manufacture becaus e there are no tim e consumin g f ashionins moti ons 
during th e knit ting stage ; moreover during the mak ing up operat i ons ; 
s impl e sewing techn i ~u es are u sed r a ther t han the expensive l inking 
pr ocesses ( See Sec t ion 1 . 2) . The ma jority of underwear i s al so made 
by this pro cess , many layers of f abric being cut to shane simultaneously 
from one pattern before the pieces are s ewn together . 
1.1. 4 As s emb l y of Gar men t Pieces 
Onc e the gar ment piec es hav e been kni tted they have t o be j oined 
t ogether to form a complete garment. There a re severa l methods of 
joining , th e choice of me thod depending on the type of gar men t, seam 
type and yarn type . The majority of "ful l y - f ashioned" gar ments are 
linked (See Section 1.2 ) both a lon g the body s eams (body linking ) and 
for the attachment of the neck piece or t rim (neck linking) . I t i s 
usual f or "fully- fas hioned" gar ments t o be assembl ed along the body 
seams a nd fini shed before t he neck trim i s a ttached , t hereby preven t i ng 
unneces sary di s tortion of t he neck seam during the fini shing process. 
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Gar ment s aimed at the l ower end of the ma r ket , s u ch as cut and 
s ew ga r ment s , are assembled on cup seam i ng machines ( S ee P l a t e s 1.4, 
1 . 5 & 1 . 6). Vi i th t h i s typ e of mac h i n e th e s e am i s fed i n t o a sewi n g 
head by a pai r of c ontra- rot a t i n g whee l s or cu p s (S ee Plate 1.4 ) . 
Wh en assembl y i s c omp l ete the garmen t i s ins pected fo r f au l ts in 
both th e kn itti n g a n d making u p a n d i s then r eady for f inishing and 
p a ck a g ing . 
1.1. 5 Fini s h i ng an d Pa ckaginG 
By t he t i me th e gar men t s h av e be en assembled a l l o f the co mpon ent s 
hav e) at some s t age, b een scou red to remov e u nw a nte d orga n ic oi l s p re s en t 
i n th e fib r e s an d minera l oil c o l l ected du r in g t he kni tting pr ocess . 
Before the garmen t s are pa c k aged t h ey a r e sized a n d set. ~'h e garment s 
a r e knit t ed in bas i c s i z e s a~d du r ing a c s embly , he p ieces a r e pos i ti on ed 
t o g iv e the co rrec t meas u rements at the n eck , che s t a n d sl e eve s . How-
ev er mi n or adju s tmen t s may b e ma de by s team se t t i ng . The ga r ment is 
po si tion ed on a wi r e fr ame a n d c omp re s sed on a table whi l s t s t e am i s 
a ppl ied . This ' se t s ' t h e y a r n a n d as i t c oo l s , th e g a r men t 
t akes u p the s i ze an d shape o f t he frame . 
Cnce s i zed , t he ga r ment i s folded an d wrapped . I t is i mp or tan t 
t h a t th e garmen t i s pres ented t o the cu s t ome r in an a t tractiv e manner . 
1 . 2 Linking 
Li nkin g i s t he n am e g iven t o th e p r oces s in wh i c h e a ch ind iv idu a l 
l oop of a knitt e d tr im is s tit che d t o the body o f a ga r ment. This 
me t hod o f a s s embly pr ov ides a v ery neat edg e to t h e tr i m on ce assembl e d 
and also fo r ms a v e r y e l a s tic seam, n ecessa ry a r ound t h e n e ck l ine o f 
a j umper. 
The link ing opera ti on r equ ires cons i derabl e skil l f rom th e 
op er at ive f or, if on e of th e l oop s i s mi ssed , it r e quires e xpen s ive 
manu a l r epai r a n d th e ga r me nt b e com es s econd qu a lity . 
a . Single linking b . Sandwich linki ng 
Fig. 1. 7 Types o f l i nked s eam 
c. Tubular linki~ 
~ 
o 
n 
There are two basic types of linking. Body l inking (See Plate 
) . 7) , which is the joining of th e body seams of a gar ment us ing a 
link ing machin e , requires a l es~er degree of skill th an neck linking 
as it i s th e joining of two selvedge seams wi th no "raw" edges th a t 
can run back . These seams can be cup seamed (See Sec t ion l . ).~) 
but the linked seam is nea ter and blends with the knitted loops 
bett er. Neck linking (See Plate 1 . 8) requires a hi gh degree of 
skill as it i s here tha t t he in di vidual loops mu s t each be caught 
by t he s titching to complete the seam . 
As may be seen from Plate 1 . 9 t he opera tor i mpales each loop 
of a s lackly knitted course of the trim on the point s of a linking 
di a l . The body of the garment i s t hen posi,ioned on the dial and 
th e as s embly passed through the s titching h ead of the link ing machine . 
In the case of a r ound neckline it is necessary t o sew part of the 
seam before the res t can be completeci t o a l low the completed part to 
be removed from the dial (See Plate 1 . 8). 
1 . 2 .1 Types of Linked Seam 
There are three bas i c types of linked seam construction: -
Single Linking 
The lower edge of the t r im only i s attached t o t he body (Se e 
Fi g 1. 7a) . 
Sandwich Linking 
The l ower edge i s linked to the body along wi t h the upper edge 
of the t r im which i s brought over the top of the seam to fo r m a 
sandwich (S ee Fig 1 . 7b) . 
Tubul a r Linking 
During the knitting of t he trim a bifurcat ion of t he trim i s 
developed . 'f he body is placed betwe en the bi f u rcations in a similar 
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manner to t he sandwich linked trim. This i s the mo s t costly of the 
linked seams as it re quires both sides of the bifurcat i on t o be l inked 
perfectly to preven t a dropped l oop and thus a f ault (See Fi g 1 . 7c) . 
1 . 2 .2 Random or Mock Linking 
Because of the increased cost of the linking process in re cent 
yea rs and the competition from cheaper imported ga rments from low-
l abour cos t countries , several "mock" linking processes hav e been 
developed . These give the appear ance of a traditional true linked 
garment but do not require such a high degree of operator ski ll . 
The JJathbirk system looks very s im i lar to a conven tional linking 
machine but re l ies on a twin needle s ewing sys te:n t o in s ert a mul tiple 
seam along the garmen t . This makes the loops secure by cov ering each 
loop zone with the stitch pattern , so that at least one stitch pas s es 
through each loop . 
The Arndt s ystem r el ies on a special knitting technique t o provide 
a r olled edge of fine yarn on the trim . Thi s is then manipul a ted and 
sewn as a single "linked " trim ( See Section 1.2.1) by a purpose built 
machine. 
1 . 2 . 3 Au t oma t i c linking 
There also exists at least one automatic linking s ystem , namely 
the Boehringer Autol inker . Trims are produced on a special "I '-bed 
knitting machine which trans fers the loops of t he t rim to a comb- like 
point ba r . The garment body is then posi ti oned on this b ar against 
the trim and the whole assembly pas sed throu gh a sewing head. This 
process has the limitation tha t the assembly of the body panels must 
be a ltered from th e normal method t o allow the body pane l s to be 
appl ied to the bar in a s tra i ght form. 
A more detailed account of linking and its problems may be found 
in the M. Te ch thesis t o be s ubmit t ed by Mr . J . E. Baker ( 1) . 
1.3 Rib Transfer 
As ment ioned in Section 1.1.2, i n t he manufactur e of "fully-
fa shioned" garmen t pieces it i s u sual t o knit a r i b border on a 
' V' - bed machine, transfer this rib to the fully- f a shioned 
straight bar machine , and continue the piece in plain "fashioned" 
knitting . 
This transfer of the rib border is achi eved in one of two ways , 
either manually or automatically . 
1. 3 . 1 i,lanual Rib Tran s fer 
The rib bor ders are produced in lengths on ' V' - bed machines , 
joined by draw- threads , i. e . two cours es of yarn tha t are removed 
to separate the trims (See Plate 1 .1 0) . Once separat ed , the trims 
are stacked and taken to the running- on area (See Plate 1 . 11) . Here 
skil led operatives impale the individual loops of a slackly knitted 
course of the r ib on the points of a comb- like magazine bar (See 
Plate 1 . 12) , in a similar manner to linking (Section 1 . 2) . Several 
trims are applied t o each bar, the number depending u pon the number 
of heads on the "ful ly- f ash i oned " machine , u sually 8, 12 , or 16 . 
When the correct number of trims are on the bar, the waste courses 
a bove the s l ack course, knitted to a l low ease of handl ing of the rib, 
are remov ed or unr oved. The bar i s then t aken to the "fully-fashioned" 
machine where individual trims are transferred f r om the magazine bar to 
the machine bars, one trim for each knitting head (See Plate 1.1 3) . 
The machine bars are then fed by conveyor to each kn i cting head and 
the "fully- fashioned" frame transfers the ribs onto the knitting 
elements ready to continue knitting ( See Plate 1 .1 4) . 
The manual loading of ribs onto bars i s expensive in terms of 
both labour and yarn was t age ; ther efore attempts have been made to 
automate the process . 
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Fig. 1. 8 Lo op Doubling 
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1.3 .2 Automatic Rib Trans fer 
There are on the market severa l commercial systems for automatic 
rib transfer (See Chapter 4) . With these machines the rib i s knitted 
on a ' V'-bed machine , al l l oops transfened t o one bed and then 
transfe~d from the knitting elements to a magazine bar. Be cau s e 
the lo ops of the rib are trans ferr ed at a fixed gauge or pi tch , the s e 
spec ial machine s have to be of the same gauge a~ the "fu lly- f ashion ed" 
machines . Thi s limits the types of yarn that may be u s ed for th e rib 
border a s , for manual transfer , production is on co arser gauges than 
the "fully- f ash );oned" machine . 
In addition to the l i mitations caused by the gauge of these machines , 
problems a lso occur where doubling i s required on certa in ribs . 
1. 3 . 3 Doubling 
To improve the elas ticity of rib borders on "fully-fash i oned" 
garments it i s a common practice to "double " loops up, i.e. to transfer 
one loop onto a needle which already possesses another l oop (Se e Fi g 1 .8) ; 
thi s i s performed at the knitting s tage or sometimes at t he running- on 
stage. 
The number of doublings in a rib depends upon the gauge of the 
rib and the type of yarn u s ed , e.g. a 9- gau ge rib may have doubl i ngs 
every 3rd loop whereas a 21 gauge rib may be doubled every 7th or 9 t h 
loop. 
Wi th manual rib tran sfer , doublings pres ent no pr oblem a s the 
operative i s able to ensure tha t every point on the magazine bar 
carries a loop . However, if no loop i s present when the rib i s 
transferral to the "fully- fashioned " machine a "hole " will appear in 
the junction between t he rib and the body of the panel. 
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Consequently , automati c rib t rans fer requires a doubling correc ti on 
to ensure that adjacent need les each carry a loop . T;,ese aevi ces are 
described in Chapters 4 and 11. 
1 . 4 Combined Rib and Plain Knitting 
From the earliest days of fully fa shioned gar ment ~anufac ture , 
r i b and plain garment pie ces have b een produced on dif:eren t machines . 
Recent developments in machine de s ign have now mad e it po ssi b l e to 
produce a fully- fa shioned r i b and plain gar men t pieces on a single 
machin e , eliminating the rib transfer stage complet e ly . These 
machines fall into two categories, the first bas ed on the s trai ght 
bar fully f a shioned knitting f r ame and the second on the ' V'-bed 
machine . Both types represen t a sizabl e capital investment a nd this 
has so f ar l imi ted their us e . 
1. 4 .1 Bentley- Cotton Carrier Rib- to- Plain (CRP ) Mach ine 
Thi s ma chine is based on the "fully- f ashioned" straight bar 
knitting frame but has an additional se t of knitting e l e~ent s intro-
duced to enable rib f abric to be pr oduced. The increased complexity 
of the operating mechanisms over t he st~ndard frame both limi ts its 
r ate of produc t ion and requires frequent adjus t ment to maintain a 
su itabl e qual ity of produ ct. 
1 . 4 . 2 The Monk Ult r amatic Rib- t o-Plain Mach"- ~ 
Thi s machine is similar to th e Bentley- ~~t ton CRP i n that 
it i s a straight bar knitting machine capab:~ o f knitting both 
ri b and plain fabric on th e same garment pi E: ,? It differs fro:n 
the CRP in detail (see Section 4 . 6 ) but SUf: E ~S from the same 
drawbacks of high capital cost and mechanical complexity . 
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1 . 5 Terms of Reference of the Pre3ent Work 
The ini tial aims of the current research · .... ere t o impr ove and 
au tomate the l inking pr ocess . It gradually became obvious tha t the 
firs t step towards such a process would be to locate the individual 
loops of a rib or trim on a magaz ine ba r and that the most suitable 
stage at which t o perform this operation would be on t he knitting 
mach i ne itself. Other systems existed for automat i c transfer of 
knitted ribs but they had limitations of gauge , were expensive , and 
rendered the exi s ting plant obsole±e . 
The objective was therefore limited to the provi~ion of a system 
of automa t i c rib transfer by the i ne xpensive and simple modifica ti on 
of existing machinery . 11 coll eague , J . E. Baker , was t o investiga te 
t he running- on of trims in the linking process as a co~plimentary 
research project (1) . 
Fashioning marks -
Plate 1 · 1 
Fully -fashioned garment showing fashioning marks. 
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Plate 1 · B 
Neck or collar linking . 
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Plate 1· 12 
Running - on . 
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Plate 1 · 14 
Rib being automatically fed onto knitting elements 
of a straight bar machine . 
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CHAPTER 2 
THE COST OF CURRENT INDUSTRIAL PRACTICE 
The terms of r eference (Section 1 . 5) indicate th e broau out-
lines of t he r esearch but to pr edict th e targe t performance of any 
proposed sys tem it is necessary t o consider the pre s ent produ c tion 
proces ses in terms of specific output . 
Fully- f ashioned knitwear manufacture has already been described 
in Cha pt er 1 (Secti ons 1 . 1 . 2 and 1 . 1.4). By studying the present 
pr ocesses used wi thin the industry the sui tabili ty of any pr oposed 
"ys tem may be evalua ted in terms of pr odu c tion r a te s and methods of 
operation . For this exercise on l y manual rib tran sfer i s consi dered , 
cur rent automatic rib trans f er systems being dealt with in Chap ter 4 . 
The actual figur es quoted were ob t ained fr om Corah Ltd . of l eicester , 
a l ar ge company employing a t o t al of 4 , 000 peopl e, but the princ i ples 
des cr i bed equally apply to t he majori ty of firms wi thin the f ully-
f ashioned knitwear s ector ; in the case of smaller firms however, th e 
de t ailed sys tems used could vary du e t o t he r educed number of staff 
empl oyed . 
2 . 1 Product ion Rates 
Because of the large capital investmen t i n kni tting plants , it 
is usual to operate on a three shift s y"tem t o obtain ma ximum p l ant 
util i sati on . Thus a t the Corah factor y in Leicester , three shifts , 
each of 40 hours weekly duration, are run for five days per week . 
?~achine and opera tor performance is judged on a percentage basis , 
i.e. if a machine run s continu ously for five days , th en, over all 
shifts , its maximum running time is 7 , 200 minutes assuming 100% 
performance. However , in pr ac ti ce , because of breaks for operator s , 
r outine maintenance, machine down time , etc . , a more real istic 
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per formance is about 90% . Tak in g into a c count operator efficiency 
and unbooked down - t i me, the overall figure for a machine/operator 
efficiency on such a kni tting plant i s abou t 805, t o 85% . 
Shown be l ow ( Tables 2.1 and 2 . 2) are typical production 
figures for knitwear produ ction a t th e Corah f actory assumi ng an 
over all 80% efficiency . Typical rates of pay ar e also shovm alonG 
wi th pr oduction fi gure s for the r el a ted labour- intensive processes 
of draw- threading and runn ing-on (these t wo proc ess es a re single 
shift becaus e of the hi gh proportion of fem a l e labour employed) . 
Table 2 . 1 
9- Gauge J,\anufac t u re 
Process Pr oduction Rates Pay Scal es (1982 ) 
ribs 20 mins/doz £120 per week 
(2 per machine) 
cuffs 14 mins/doz + £11 s hift pay 
' V' - bed ( 4 per machine) 
kni tting 
co l lars : 
polo 20 min s/do z 
crew & ' V' 6 mins/doz 
Dr avr- 6 . 1 mins/doz £75 per week 
thread ing 
Running- on 17 . 4 mins/ doz £80 per week 
(ribs and cuffs) 
One 16 section machine pr oduces £120 per we ek 
Fully- 370 doz garments per 3 shift week 
f ash ioned 
kni tting One 8 sec tion machine pr oduces + £11 shift pay 
140 doz garments per 3 shift week 
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Table 2 . 2 
21 - Gauge I:i anufac ture 
Process Produ cti on Rates Pay Scales ( 1982) 
Ribs and Cuffs 36 mins/doz As per 9- gauge 
(2 ribs and 2 cuffs manufac ture 
' V'-bed per machine) 
kni tting 
Collars : po l o 38 mins/doz 
c r ew & ' V' 8 mins/doz 
Dr aw- 4 . 1 mins/doz As per 9- gauge 
threading manufacture 
Runn ing- on 25 . 9 mins/doz As per 9- gauge 
(ribs and cuffs) manufac ture 
Fully- One 16 s ection machine pro duces As per 9- gauge 
f ash ioned 185 doz garments per 3 shift week manufac ture 
knitting 
2 . 2 Re~ec tion and Faults 
Kni t tin g i s a v ery pr ecise process and fault s such as broken 
ne ed les a re easily de t ec t ed and rectified. iJany fau l t s such as 
dropped loops on transfer can be r epaired manually, and edge or 
se lvedge f aults may be hidden in the seam of the gar ment . Because 
of the high y arn co s t per garment , it i s u sual practice that all 
such minor faults shoul d be r epaired ; therefore only major faults , 
such as a faulty n eed l e causing an un s i gh tly wa l e in th e pi ece , 
would cause a garment to be total ly r ejec t ed . 
Visual inspec tion occur s a t the end of each pr ocess and any 
faults detected are r ec tified manually by a sk illed mender . The 
t otal los s of production due t o faul t s i s in the r egion of 7% to 
1 ~6 . 
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2 . 3 Recruitment and Training 
The di rect labour force falls into two main categories; the 
male knitters and mechanics who work on a three- shift basis and the 
making-up operators , most of whom are f emale . 
The male labour forc e is fairly stable , most opera tives having 
served an apprenticeship of some description and often having family 
commitments . llecruitment i s either from schoo l leavers , who are 
trained up through a r ecognised training scheme, or f rom other firms 
in the area . Because the rates of pay and facilities within the 
a rea are rel a tively uniform, turnover i s only in the region of 5% 
to 10% per annum . 
In the making- up areas , including running- on, linking and dr a w-
threading , the labour force, largely female , is much mor e changeable . 
Recruitment i s from school leavers and from married women returning 
to the industry after child- bearing . With the higher skilled 
operation such as running- on and linking , training takes up to 
three months and often full production speeds are not achieved until 
after the first year .- -,'''i th many of the women leaving work in their 
late t'een s or early twenties due to pregnancies , it i s rare for the 
youn ger operators to be employed for more than 3 years . However , 
older women r eturning to the industry to assist the family budget 
tend to be a far more stab le workforce . This situation gives rise 
to a very high turnover of labour , in the r egion of 25% to 5~~ per 
annum • 
In the areas where skills take lung periods to acquire, con-
siderable attention has been paid to deskilling the operations and 
this has led to the development of random linking , sewing t echniques 
such as the Arndt pr ocess , and automatic rib tran nfer systems. 'Ilith 
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t hes e desk illed pr ocesses , train i ng t ime has been cut by up to 75% 
and pr odu c tion r a t es have in creased . 
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CHAPTER 3 
LITERATURE SEARCH 
Several literature searches have been conduc t ed by th e author 
at various stages of the work . Initial searches revealed several 
patents and publications on the subject and periodically these 
searches have been updated to monitor "the state of the art" . 
More thorough patent s earches were required when preparing the 
appl ication for the Le tters Patent for the Loughborough System . 
) . 1 Patents 
The earl i es t patents f ound by the author on th e t onic of 
automa tic rib transfer date from t he ea rly 1960s . ~'wo patents , 
each filed in their countries of origin in th e f irs t fe n months 
of 196) , describe the two possible methods of transferring a 
knitted rib from a 'V' - b ed knitting machine to a magazine ba r . 
Jean Borne (2) claims:-
"a me thod or transferring stitches of a Fr ench 
welt knitted on a double bed flat knitting 
machine to a magazine- comb, comprising the 
steps of transferring the stitches of the last 
cours e to the needles of one of the beds , 
elimina ting the tension exerted by the (take-
down) comb of t he machine, presen ting the 
points of the magazine- comb to said stitches 
suspended from said needles of one of the beds, 
and tran sferring all of said stitches directly 
and simul taneously to said magazine comb . " 
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The machine desc r i bed transf ers the rib to a magazine ba r 
situated above the beds of th e knitting machine . This patent appears 
to have establ i shed the trend in commerci a lly developed au t omat ic rib 
transfer machine s . All of the systems commercially ava ilable t oday 
use the basi c principle set out by thi s patent. 
Further patents relating to rib take- off from above th e bed of 
the knitting machine are h e l d by Fabrique Nationale D' Armes de Guerre 
of Belgium (3), (4), ( 5) . The method described in these paten ts i s a 
more sophi s ticated version of that described by Borne (2) . British 
Patent 1,165781 (3) c l aims: -
"an automati c devi ce f or transf errin g a rib end 
f r om a needle r ow of a fl at bed knitting machin e 
to a magazine reed, comprising in combina tion a 
rotatably and translatory movable loop transfer 
reed having a length equal to that of the needl e 
rows of the machine being e quipped, me ans for 
holding said loop transfer reed in a wai tin g 
position, mean s operable to shift the loop 
transfer reed to the needle row supporting the 
l as t loop row of the rib end being transferred 
in such a manner that each hook of sai d reed 
grasps the loop carried by the corresponding 
needle of said needle row , means for bringing 
then the said loops tran s fer reed in f ront of the 
teeth of a magazine reed located above the needle 
beds of the machine and a transfer member providing 
for the hooking- up of the loops car ried by the said 
loop transfer reed on the said magazine reed". 
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British patent 1,299,221 (4) describes a more sophisticated 
version of the above machine but still operating on the same 
principles. neither of the machines described in (3) and (4) are 
able to perform doubling (as defined in Section ].3.3). In British 
Patent 1,399,579 (5) Fabrique Nationale describe a system of doubling 
for use with their machine (3) and this is the method used on all 
com~ercially available machines today. They claim:-
Ha method of loop doubling on a double needle bed 
rib end knitting machine equipped with a transfer 
device for transferring a knitted rib end on to a 
magazine comb from a transfer comb, wherein, after 
a rib end has been knitted on some of the needles 
of each of the needle beds some of the loops on a 
first needle bed are simultaneously transferred on 
to free needles of the second needle bed; one needle 
bed is racked in relation to the other; the remaining 
loops on the first needle bed are transferred on to 
already laden needles of the second needle bed, 
thus forming groups of loops separated by spaces; 
all the loops on the second needle bed are picked 
up simultaneously on the transfer comb; the groups 
of loops thus picked up are brought closer together 
to provide a distance of one needle spacing between 
each two adjacent loops; and the uniformly spaced 
loops are transferred on to the magazine comb". 
Tl.e other method of removing a knitted rib from a 'V'-bed machine 
is from below the beds. A system for performing this transfer is 
described in a patent by Rainer Stovhase (6). In this patent Stovhase 
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describes a system of introducing a bar of bearded needles, similar 
to those found in a fully-fashioned machine, into the knitting zone 
and engaging the same with the loops of the last knitted course, all 
loops having been transferred to one bed of the machine. Stovhase 
claims: -
"a method of automatically transferring a rib 
border knitted on a rib machine to a transfer 
ba:r of a full-fashioning machine, with the use 
of a draw-off device which engages with the 
first run-on course automatically and draws 
the rib border off during subsequent knitting, 
wherein individual rib borders are knitted and 
drawn off and the last course of each rib border 
is transferred to one of two needle beds and 
brought thereon into the transfer position by 
the knitting needles being pushed out together, 
whereafter the points of the transfer bar are 
int~oduced into the loops of the said last course 
for transfer and the rib border is retained after 
the transfer~ntil the running-on comb has become 
detached from the first run-on course, whereafter 
the transfer bar with the :rib border on it is 
removed fro m the rib machine." 
A German company, Universal Maschinenfabrik, also hold patents 
on below-bed rib transfer mechanisms for 'V'-bed knitting machines. 
Their first application, made in 1964 (7), is similar to the Stovhase 
machine (6) in that it uses a bar of bearded needles situated below 
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the beds to collect the last course of loops of the knitted rib. 
The Universal machine however has an additional device situated 
above the beds of the knitting machine which performs an intermediate 
transfer operation allowing the doubling of loops in the 'rib but 
still maintaining loops on adjacent needles without a space. 
Universal claim:-
"A flat knitting machine having apparatus for 
receiving a course of stitches from the needles, 
comprising a point bar including a plurality of 
transfer points which are elongated in a common 
direction, are juxtaposed on said point bar in a 
direction transverse of said co~~on direction and 
are arranged so as to constitute a plurality of 
juxtaposed groups, the spacing of the transfer 
points of each group in said transverse direction 
bein~ uniform; and comprising moving means for 
moving said groups in said transverse direction 
toward and away from a closely packed position in 
which the spacing of said groups from each other 
is equal to said uniform spacing." 
In a later patent Universal again use a transfer mechanism 
situated below the beds of a 'V'-bed knitting machine (8) and again 
the device is able to perform the doubling of loops. This machine 
however also allows for the gauge or pitch of the loops to be varied 
allowing the rib to be knitted at a different gauge to the rest of 
the garment piece. 
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Universal claim:-
"A flat knitting machine having a frame on which 
are mounted two straight needle beds which are 
elongated in a common, horizontally extending 
direction and transversely spaced so as to define 
a knitting space therebetween, a set of knitting 
needlffijuxtaposed in said co~~on direction in 
substantially uniformly spaced relationship, each 
knitting needle being movable on the associated 
needle bed into and out of the knitting space, 
and operating means for moving the needles in 
timed sequence, said operating means including 
a carriage mounted on said frame for reciprocating 
movement in the common direction wherein an 
elongatedtransfermember releasably mounted on 
said frame in a position in which it is elongated 
in said common direction and downwardly spaced 
from said needle beds, carries a set of point 
members in longitudinally and substantially 
uniformly spaced relationship and wherein guide 
means are further provided for guiding respective 
stitches of a fabric knitted on said needle beds 
to said transfer member, said guide means including 
a set of elongated guide members dimensioned to be 
received in the stitches, each guide member having 
an upper terminal portion adjacent to a respective 
point member on said transfer member, said guide 
I 
I 
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members being spaced from each other in said 
common direction and wherein stitch-transfer 
means responsive to the movement of said 
carriage are arranged for transferring 
stitches from the needles on said one needle 
bed to the adjacent upper terminal portions 
of said guide members." 
Of the methods described above, it would appear that only the 
Fabrique Nationale(3), (4), (5) inventions have been applied commercially, 
in that all currently available machinery systems are based on the 
methods described in these patents which are apparently improvements 
on that by Jean Borne (2). As will be seen in Chapter 4, the Boehringer, 
Bentley Cotton and Scheller machines are each based on the Fabrique 
Nationa~ methods. 
3.2 Publications 
Although patents for automatic rib transfer machines date back 
at least to the early 1960s, it was not until 1969 that commercially 
available machines were first publicised in the textile journals. 
Fabrique Nationale d'Armes de Guerre S.A. of Belgium introduced their 
Model R.A. machine in 1969 having reacted to comments voiced by the 
textile industry 18 months previously when a prototype system was 
demonstrated at Basle. An article in the Hosiery Trade Journal (9) 
briefly outlines the features of the two-section and four-section 
'V'-bed Model R.A •• machines. A more detailed description is given 
in a later article (10) and the author has summarised the essential 
features of the F.N. Machine in Section 4.1. 
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In 1970, the French firm Rene Bordier also introduced an 
automatic rib transfer machine known as the Borcoto 70 which is 
described in the April 1970 edition of the Hosiery Trade Journal 
(11). This machine used the same transfer principle as the F.N. 
System, Le. with "eyed" needles engaging with the hooks of the 
knitting elements (3), but this was only a single-section machine. 
The machine was never a commercial success and now the only 
commercially available automatic rib transfer machines are those 
offered by Bentley Cotton, Scheller and Boehringer. 
Bentley Cotton first introduced their model VOR/M at the' 
International Textile Machinery Exhibition, ITMA, in 1971 at Paris. 
This single-section 'V'-bed machine automatically loaded up to 16 
ribs on to a magazine bar located above the beds of the machine (12). 
Later developments led to the introduction of a doubling system for 
this machine known as the "Doublarib". The VOR/M is now known as 
the Autorib 3 (13). 
Two other commercially available machines utilise the same 
method of operation as the Fabrique Nationale RA models and the 
Bentley Cotton Autorib 3. The Scheller Transrobot (14) is a single-
section 'V'-bed machine fitted with a rib transfer mechanism 
above the beds and, like the Bentley Cotton Doublarib, it incorporates 
doubling facilities. Boehringer aimed their Ribomat P automatic rib 
transfer 'V'-bed machine at a different market. By combining 
the rib transfer bar loading of the Ribomat P with a straight bar 
linking system known as the Autolinker they offered not only a 
capability to load magazine bars automatically but also the feature 
of automatically linking trims onto fully-fashioned garments (15), (16). 
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Fuller descriptions of all the above-mentioned machines are 
given in Chapter 4. 
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CHAPTER 4 
CUR..'lENT ALTERNATIVES TO THE CONVENTIONAL MANUAL RIB TRANSFER 
PROCESS 
There are four commercially available automatic rib transfer 
systems; each is marketed as a machine 'package', that is to say a 
complete knitting machine equipped with an automatic rib transfer 
mechanism. At the time of writing these machines cost in the 
region of nB,ooo to £25,000 per knitting head or section. (Some 
machines have more than one knitting head or section and are 
similar in layout to the fully-fashioned straight bar machines). 
4.1 The Fabrigue Nationale Model R.A. System 
This machine was first shown at Basle in prototype form in 
1967 but it was not until 1969 that the model RA was launched 
commercially. The machine is either of 2-section or 4-section 
single knitting system, four carrier 'V'-bed design equipped with 
the Fabrique Nationale patented system of rib transfer (3)(4)(5), 
operating above the beds of,the machine. 
Following the last knitted course all loops on the front bed 
of the machine are transferred to the back bed. A transfer bar 
consisting of a row of eyed elements is brought down tDwards the 
knitting elements; simultaneously, all of the knitting elements 
are raised by a lifting bar (see Fig 4.1). Each eyed element is 
caused to engage with the hook of the knitting element (as shown 
in Fig 4.2). The lifting bar raises the knitting elements to their 
knitting height such that the knitted loops are behind the latches 
and the latches are open to facilitate the engagement of the 
transfer elements. Once the two sets of elements are positioned 
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Fig. 4.1 F.N. Model R.A. System of Autolllatic Rib Transfer 
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Fig. 4.2 Engagement of the Transfer Element 
¥ig. 4.3 Loop Transfer 
35 
• • 
• <'=:1: lA; • 
Fig.4.4 Engagement of the Transfer and Magazine Bar Elements 
• 
I---lr=®~---'::':--
• 
r--- ----L _ _____ _ .... -L ___ ____ _ 
r-- - ----- ...-- - -----L__ _ ___ _ L_ 
• 
Fig 4.5 Special Transfer Bar for Doubling 
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as shown in Fig 4.2.they move together in a manner such that each 
loop slides up the knitting element, thereby closing the latch, 
and on to the transfer element (see Fig 4.3). The transfer 
elements are then disengaged from the knitting elements and 
raised to engage with the magazine bar (dotted line in Fig 4.1). 
Eyes formed in the transfer elements receive the points of the 
magazine as shown in Fig 4.4. The rib is then swept onto the 
magazine bar by a comb-like bar. When the required number of ribs 
have been transferred to the magazine bar, the full bar is removed 
and replaced with an empty one. 
Doubling (see Section 1.3.3) may be performed on the model RA 
machine by the attachment of a special transfer bar (5). The eyed 
transfer points are mounted in blocks or leads, t,he number of 
elements per lead depending on the doubling frequency. Each lead 
is connected to the adjoining lead in a manner that alloVls the leads 
either to move apart by one pitch or to be compressed together so 
that the elements are all equispaced (see Fig 4.5). 
;Then a rib with doublingsis knitted, the appropriate leads 
are selected so that when the leads are "expanded" the "missing" 
tr~nsfer elements align with the empty knitting elements left by 
the doubling of the loops. After the knitted loops have been 
transferred to the transfer elements, in the manner described 
above, the leads are closed up so that all the elements are of a 
uniform pitch for transfer to the magazine bar as previously 
described. 
The gauge of the machine must be chosen to match the gauge of 
the fully-fashioned machine, e.g. to knit a rib for a Cotton's 21 
gauge (Le. 21 needles per l~ inches) machine, the Model RA must 
be fitted with needle beds of 14 needles per inch. 
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Fabrique Nationale claim that provided there is no great 
difference between the number of courses in the cuff ribs and 
body rib, the output of a two section Model R2RA making two cuffs 
simultaneously on each section can balance that of a four section 
model R4RA making one body rib per section; the production of the 
two machines together (with a pitch of 14 needles per inch) will 
meet the requirements of four modern l2-section 2l-gauge fully-
fashioned machines, making the rib ends for about five dozen 
garments per hour (10). 
A.2 The Bentley-Cotton Autorib 3 System 
The Bentley-Cotton VOR/M was introduced in the early 1970s as 
a single section, single knitting system automatic rib transfer 
'V'-bed knitting machine. Following problems with reliability, 
the machine was redesigned, facilities for doubling added, and is 
now known as the Bentley-Cotton Autorib 3. 
The method of rib transfer is exactly as described in Section 4.1 
using eyed transfer elements to engage with the hooks of the knitting 
elements. Early VOR/M models used an auxiliary transfer cam box, 
normally stationed outside the knitting zone, but the transfer cams 
are now incorporated in the main cambox. With the Autorib 3, all 
loops are transferred to the back bed, as with the Fabrique Nationale 
System, before the eyed transfer elements engage with the hooks of 
the knitting elements to effect the transfer. The ribs are then 
transferred from the transfer elements to a stationary magazine bar 
above the rear of the machine,. where up to 16 ribs may be stored. 
Bentley-Cotton claim running speeds in excess of 50 courses 
per minute for full-width knitting (12) but the earlier machines 
suffered from a weakness in the drive system at these speeds. The 
carriage was driven by a split, reciprocating belt but because of 
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the high forces generated when the carriage reached the end of its 
stroke and started the return stroke, belt life was a problem. 
The recent acquisition by Bentley-Cotton of the Fabrique 
Nationale textile machinery division (13) means that Bentley-
Cotton can now offer two complementary types of rib transfer 
machine, the model RA and the Autorib 3. 
4.3 The Scheller Transrobot System 
The transrobot is like the Autorib 3, a single section, single 
system 'V'-bed machine and uses an identical method of rib transfer 
and doubling with 'eyed' transfer elements set in sliding leads. 
With a 40inch bed length, the Transrobot is longer than the Autorib 3 
but the production speeds with full-width knitting are claimed to be 
similar (14) at more than 50 courses per minute. It is stated that 
. under average conditions one machine can feed 8 sections of fully-
fashioned equipment. Again it is necessary for the gauge of the 
machine to match that of the fully-fashioned plant that it is 
intended to feed. 
4.4 The Boehringer Ribomat 'V' & 'P' Systems 
The Boehringer system incorporating the Autolinker differs 
slightly from the previous machines in that it is truly an automated 
fully-fashioned garment manufacturing system. It not only automatically 
transfers rib borders on to magazine bars but the .~utolinker 
machine also automatically links rib trims onto the garment-pieces. 
Both the Autolinker and the fully-fashioned plant are fed with ribs 
automatically loaded onto bars by the Ribomat 'V'-bed single section 
single system knitting machine. 
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The Ribomat operates in exactly the same way as the described 
machines above, i.e. with 'eyed' transfer elements. Production 
rates are also similar with a maximum full-width knitting speed of 
about 50 courses per minute (15)(16) and one machine on average can 
feed 8 sections of fully-fashioned plant. 
4.5 The Bentley Cotton C.R.P. 
The Bentley Cotton Carrier Rib-to-Plain is a machine capable 
of knitting both rib and plain fabric on the same knitting section 
thus making rib transfer unnecessary. It is an adaptation of the 
standard Cotton's Patent Straight bar knitting frame, modified in 
such a way as to facilitate the knitting of a rib fabric. This is 
achieved by introducing a second set of knitting elements, in the 
form of a set of latch needles, which operate in a plane at right 
angles to the main bearded knitting elements (see Fig 4.6). The 
bearded knitting elements are mounted in a compound bar such that 
alternate elements can be lowered (see Fig 4.7) out of action during 
the rib knitting phase of the cycle. 
The rib section of a garment segment is formed between the 
latch needle bar and alternate bearded needles on the compound bar. 
Unlike a standard 'V'-bed knitting machine, the latch nee~les are 
operated in unison not in sequence, thus in order to ensure that 
sufficient yarn is available to correctly form each stitch, the yarn 
is laid between both sets of elements with a standard 
Cotton's Patent slurcock. Adjustment of the amount of yarn fed in 
is very critical as roughly twice the amount of yarn has to be 
provided to form a rib structure as is needed for a plain structure. 
This is one of the major operational problems with the CRP system. 
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Fig. 4.6 The C.R.P. Knitting Elements 
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Fig 4.7 The C.R.P. Compound Needle Bar 
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Fig.4.8 C.R.P. Loop Transfer 
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The Ultramatic Compound Knitting Element 
Fig. 4.9 The Monk Ultramatic Knitting Elements 
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Once the rib portion of the garment piece has been knitted, 
the yarn loops held by the latch needles are transferred to the 
compound needle bar. This is achieved by engaging the so far in-
operative alternate bearded needles in the compound bar, with the 
yarn loops on the latch needle bar. To facilitate this transfer 
'pelereens' are provided on the side of the latch needles to support 
the yarn loop in such a way that it can be pierced by the bearded 
-
needle (see Fig 4.8). The latch needles are then withdrawn from. 
the yarn loops and retracted to a rest position, leaving all loops 
on the compound bar. The plain knitted portion of the garment 
segment is now formed by the compound bearded needle bar, with all 
elements knitting, in an identical manner to a standard s,raight 
bar knitting frame. 
The main drawbacks of the CRP machines are their cost (almost 
twice the price of a standard straight bar knitting frame -
£350,000 against £180,000) and their complexity. The numerous 
mechanisms of the CRP require frequent resetting by skilled operators 
to maintain an acceptable standard of production. 
4.6 The Monk Ultramatic 
The Monk Ultramatic is a straight bar knitting machine 
capable of knitting both rib and plain fabric on the same 
knitting section. Like the CRP machine manufactured by Bentley 
Cotton, the knitting'of rib fabric is achieved by adding a 
second set of knitting elements which act perpendicular to 
the 'standard' straight bar knitting elements. These secondary 
elements take the form of a set of compound needles (see Fig.4.9; 
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and may be regarded as positively driven latch needles. 
Instead of a normal pivoting latch, the latch of 9ach compound 
element acts axially along the element, controlled by a butt 
protruding from the element. The latch is positively opened 
and closed by a mechanism acting upon this butt (see Fig. 4.9). 
The bearded needle bar is similar to that of the CRP, 
having the facility to take alternate elements out of action 
during the rib knitting operation (see Fig 4.7). 
The operating sequence of the Ultramatic is very similar 
to that of the CRP. The rib portion of the garment piece is 
formed by the two sets of elements. All loops are then trans-
ferred from the compound knitting elements to the previously 
deactivated bearded needles and the plain fabric portion of 
the garment piece is then formed on the bearded needles. 
The l'Ionk Ul tramatic, like the CRP, is mechanically 
complex and suf.fers from similar operational problems. 
This, combined vlith its high initial price of over £300,000, 
limits the use of this machine to the larger knitwear 
manufacturers. 
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CHAPTER 5 
INDUSTRIAL INVESTMENT CONSIDERATIONS LEADING TO THE DEVELOPMENT 
OF AN ATTACm~NT FOR CONVERTING EXISTING MACHINES TO PERFORM 
AUTOMATIC RIB TRANSFER 
Automatic rib transfer, as a process, is a~ready being used to a 
limited extent within the fully-fashioned knitwear industry. Therefore 
the following assessment concentrates on the details of the process 
rather than the overall concept. 
5.1 A Survey of Currently Available Systems for Knitwear Manufacture 
'from the Industrial Investment Viewnoint 
The need to reduce the cost of fully-fashioned knitted outerwear 
garments has, for at least a century, attracted the attention of many 
people from the machinery designer to the knitter on the shop floor. 
In the early stages of the development of the fully-fashioned knitting 
process, a great deal of effort was given to improving the actual 
method of knitting the garment. Modern fully-fashioned machines 
represent many years of development and therefore leave little room 
for improvements in performance without an expensive and fundamental 
redesign, but considerable potential remains for improving the other 
processes associated with fully-fashioned garment manufacture. 
Currently the majority of manufacturers knit rib borders-on 
'V'-bed machines, transfe:rring these ribs to the fully-fashioned 
knitting machines either manually (See Section 1.3.1 and Chapter 2) 
or automatically (See Section 1.3.2, and 4.1 to 4.4). The Bentley-
Cotton company manufacture a straight bar rib-to-plain machine, 
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known as the C.R.F. (carrier rib-to-plain) which is able to knit 
the rib border followed by the plain, fashioned section of the garment 
on the same machine (See Sections 1.4.1 and 4.5). The main drawback 
of this system, apart from its complexity, is the enormous capi tal 
cost, in the region of £250,000 to £350,000 depending upon the extra 
options provided. 
5·1.1 Conventional Manual Rib Transfer 
This process (See Section 1.3.1) is extremely labour intensive. 
It also results in a considerable wastage of yarn which is knitted 
as waste courses or unroving courses on each rib to enable the 
operator to manipulate the rib for running-on. With the increasing 
cost of both labour and raw materials, knitting manufacturers are 
looking to automatic rib transfer as a means of increasing production 
rates whilst reducing garment costs to compete with cheaper imports 
from lower labour cost countries. However, small companies often 
have insufficient capital to invest in automatic rib transfer 
machines and have no option but to retain their "runners-on". 
Nevertheless, the manual process has one major advantage over 
-- -------- -
automatic rib transfer and that is its versatility and adaptability. 
Skilled "runners-on" are able to cope with changes in yarn type and 
styles that prove difficult to achieve with the automatic machines. 
Moreover, for sampling and small batch production, where frequent 
changes are made, manual rib transfer is often superior. 
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5.1.2 Alternative Processes 
The alternative processes to manual rib transfer fall into two 
categories. Firstly there are the machines that knit the complete 
garment segment such as the Bentley-Cotton C.R.P. (See Sections 1.4.1 
and 4.5) and the! H0nk_Ultramatic automatic rib-to-r:!.&in machine 
developed more recently (See Sections 1.4.2 and 4;6). Both of these 
types of machine involve large capital investment and limit the gauge 
of knitting, the types of yarn used and the style of the garment. 
Automatic rib transfer machines (See Section 1.3.2) such as 
those described in Sections 4.1 and 4.4 offer a 'half-way' stage 
between the complete garment segment machines and the manual process. 
These machines still represent a sizable capital investment and at 
a time when the knitting industry of the western world is facing 
fierce competition from cheaper imports, it is only the larger 
companies that are able to make such investments. 
5.2 Evaluation of Currently Available Processes 
There are then three alternatives to be oonsidered here, each 
involving different degrees of capital investment. 
5.2.1 Manual Rib Transfer 
Manual rib transfer requires very little in terms of capital 
investment, merely the cost of a bench mounted fixture totake the 
magazine bars to be loaded, a stool, and suitable illumination. 
The main cost of this process is labour, both as direct production 
cost and as training costs; it can take up to a year to train an 
operative to a reasonable standard, and labour turnover is high 
(See Section 2.1.3). Manual rib transfer is often the only means 
of feeding ribs to a fully-fashioned machine available to small 
firms, who cannot afford to invest in expensive automatic machinery. 
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Versatility is also an asset of manual rib transfer enabling the 
smaller firms to offer the facility of small batch production. It 
also provides for the manufacture of new sample designs for approval 
prior to production. 
5.2.2 Automatic Rib Transfer 
This provides a means of considerably reducing the labour content 
of manufacturing a fully-fashioned garment piece. The high capital 
cost of the presently available systems confines their use to major 
firms who produce large batches of similar garments, thus offsetting 
the reduced versatility of these systems over manual rib transfer 
techniques. 
5.2.3 Rib-to-Plain Knitting Machines 
Rib-to-plain knitting machines might be thought of as the ideal 
answer to the problem of reducing the cost of fully-fashioned knitwear. 
The whole process takes place on one machine, thereby reducing 
transportation and storage costs between stages, and providing no 
possibility of different batches of yarn being used for the body 
of the garment and the rib. Each machine requires only one or, at 
the most, two operators against the three or four operatives required 
even with automatic rib transfer systems. The plant can also be run 
for 24 hours per day. Nevertheless, such is the complexity of machines 
like the Bentley-Ootton C.R.P. that a great deal of lost production 
time occurs due to the need to reset the machine and to maintain its 
precise settings. Moreover, the principal drawback is that of capital 
CQst; at well over £250,000 per machine, few companies can afford such 
rib-to-plain machines. 
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5.3 Proposals for Converting Existing 'V'-Bed Knitting Machines to 
Facili tate Mechanised Rib Transfer Operations 
From the preceding Sections (5.1, 5.2) it has been argued that 
there is a need for a reliable but reasonable priced machine capable 
of automatic rib transfer. It was with this need in mind that the 
first proposals for a test rig were drawn up. 
The aim was to design and develop a mechanism for loop transfer 
that was capable of being attached, as a conversion unit, to any of 
the common makes of 'V'-bed knitting machines. If this machine was 
to knit individual ribs, and transfer them to another machine, then 
certain basic motions would be needed for the conversion unit, what-
ever the final method of transfer decided upon. In order that the 
latch needles should operate satisfactorily. tension must be applied 
to the knitted loops. Some method of introducing the transfer elements 
into the knitting zone was also needed, and thus the following basic 
motions were proposed. 
5.3.1 "Take-down" Motion 
In normal 'V'-bed knitting, the ribs are knitted in a continuous 
roll separated by waste courses and draw threads. Each rib then 
exerts a sufficient "take-down" tensionoon its successor to allow 
the latch needles to function. In order to replace this effect, a· 
linear, vertical motion was proposed to introduce elements into the 
knitting zone to apply tension to the knitted loops of a single rib. 
The elements had to be able to exert a constant force on-the fabric 
as it was knitted and to cater for a reasonable length of rib. 
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5.3.2 "Take-off" Motion 
The "take-off" motion was required to place sUitabiy designed 
transfer elements accurately adjacent to the knitting elements; it 
also'had to effect the transfer of the knitted loops from the knitting 
elements on to these transfer elements and to withdraw these to a 
suitable rest position. 
Chapter 6 des cri bes these motions, elements and auxiliary-' 
motions in detail, as embodied in the first Loughborough ART (mark r) 
System. 
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CHAPTER 6 
THE FIRST (MARK I) LOUGHBOROUGH ART (AUTOMATIC RIB TRANSFER) 
SYST,,:! 
The first research rig for automatic rib transfer- (conveniently 
named the Loughborough ART system) was based on a Dubied hand-operated 
'V'-bed knitting machine. Being of simple construction and 
operation it provided a means of knitting a rib fabric, and could 
be suitably modified for researches into automatic methods for 
transfer of such ribs. 
The requirements of the mechanisms and elements to be fitted to 
the knitting machine were thought to be: 
(i) to apply take-down tension to the welt edge of the rib; 
(ii) to position the transfer elements in the knitting zone 
adjacent to the knitting elements carrying the last course 
of knitted loops of the rib; 
(iii) to operate the knitting elements in such a way as to transfer 
the knitted loops from the knitting elements to the transfer 
elements; and 
(iv) to remove the transfer bar, complete with rib, clear of the 
knitting zone to'a lower position to enable the cycle to 
recommence. 
6.1 Elements 
In the operations described previously as constituting the basic 
rib transfer procedure, the following four elements are required:-
(a) elements to apply take-down tension to the welt edges of 
individual trims; 
(b) knitting elements; 
(c) elements to transfer the last course of knitted loops away 
from the knitting elements; and 
.Take-down 
Comb 
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Fig. 6.1 Take-down Comb 
Fig. 6.2 Take-down Comb With Wire Inserted 
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Take-down 
Hooks 
Fig. 6.3 Take-down Hooks Protruding Between the Beds 
Take-down 
Hooks 
Fig. 6.4 Hook-up Course with Take-down Elements and 
Knitting Elements ot One Bed 
53 
(d) magazine bar elements upon which to store the completed 
ribs prior to removal from the machine. 
Although co-operation between each set of elements is essential 
to the cycle of operation of a fully automatic rib transfer system, 
their functions can be considered individually as below. 
6.1.1 Take-down Elements 
The function of a set of take-down elements is basic to any 
knitting process in that it is necessary to apply a force to the 
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welt edge, i.e. first course of knitting, to enable the knitting 
elements to function correctly (See Section 1.1.1). Over the 
years several alternative types of element have been used for 
applying this force, one of the earliest being the take-down comb 
still in use today for the knitting of design samples on hand-
operated machines. This comprises a series of wire loops which 
are inserted between the beds of a 'V'-bed machine from below, so 
that the wire loops protrude between the loops of the first course 
of yarn (See Fig 6.1). A thin retaining wire is then inserted through 
the wire loops so as to trap the yarn loops. Weights are then added 
to the comb to obtain the required take-down force (See Fig 6.2). 
To release the comb from the completed fabric the retaining wire is 
withdrawn. A disadvantage of this method is that it requires an 
awkward manipulation of the comb and wire to attach it to the loops 
of the set-up or welt course. 
Another common method of applying take-down force to the set-up 
course is to use welt hooks. With this method, a bar of hooked 
elements is introduced in to the knitting zone, the hooks of the 
elements being positioned just through the gap of beds of the knitting 
machine (See Fig 6.3). The set-up course can either be laid around 
Take-down 
Hooks 
Set-up 
Course 
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Fig. 6.5 Hook-'up Course with Take-down Hooks Protruding 
Between the Beds 
Fig. 6.6 The Knitting Machine Bed 1s Shogged to Engage the 
Yarn Loops with the Take-down Hooks 
Take-down 
Hooks 
a. 
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Press-orr 
Bar 
b. 
Fig. 6.7 Press-orr Bar Operation 
s. b. 
Fig.6.8 Pivoting Take-down Hooks 
the welt hooks and the knitting elements of one bed, (See Fig 6.4) 
or the welt course may be laid between both beds in the normal manner; 
the welt hooks are then introduced as before, and one bed moved relative 
to the other, or shogged, "to engage the yarns with the e.lements (See 
Fig 6.5 and 6.6). The hook at the end of the element can cause 
difficulties in cleanly disengaging all of the loops. One solution 
to this problem is to bring a bar over the top of the hooks, thus 
forcing the loops off the hook (See Fig 6.7a & b) and this is 
typically used on the Bentley Cotton Doublarib machine. 
For the Loughborough ART (Mark I) research rig an element was 
finally devised that was a combination of the better features of the 
two take-down systems described above. 
The final element was basically a shallow hook shape to provide 
loop retention and easy disengagement. This was mounted in a bar so 
that it could be pivoted, i.e. rotated about its vertical axis, through 
900 (See Fig 6.8a & b and Plates 6.1 & 6.2). This enabled the elements 
to be passed through the loops of a welt course set up between the beds 
of the machine and then pivoted to engage the loops. Once the take-
down weight was applied to the loops, the hooks could again be pivoted 
to retain the loops during knitting. Because of this pivoting action 
of the elements, and the shallow angle of the hooks, the loops could 
be retained at the hook-up stage and yet be released readily when the 
fabric was removed from the machine. The other advantage-of-this 
system was that it was not necessary to traverse the carriage or 
cam-box of the machine during engagement, as with the welt hook 
system described in connection with Figs 6.3 to 6.6. 
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6.1.2 Take-off Elements 
The take-off elements were required to perform two different 
functions. Firstly they needed to engage with and receive loops 
from the knitting elements, and subsequently they needed to engage 
with and transfer to the elements of a magazine bar. Initially 
the research priority was directed towards achieving a reliable 
transfer from the knitting elements since, if this was not realised, 
then any research directed to the second stage Vlould be useless. 
At the end of the knitting cycle the loops of the last course 
were held between the beds of the knitting machine by the hooks of 
the knitting elements of each bed. It was in this position that 
the take-off elements had to engage with the loops, and, because 
the hand-flat knitting machine had no provision for transferring 
knitted loops from one bed to another, the take-off elements had 
to accept loops simultaneously from both back and front beds. The 
knitted loops were retained and positioned between the beds by the 
knitting elements which in turn were located in the 'tricks' or slots 
of the beds and by the cams of the knitting carriage. Thus the 
spatial location of the loops was predictable and repeatable. It 
was therefore necessary to research into means for penetrating these 
loops by suitably formed and operated elements. 
Initial trials were made with hand-made elements formed from 
latch needles which had been modifed by partly removing and reversing 
the hooks (Fig 6.9a & b). Two types of elements were eventually 
evolved, a shorter one to engage with the loops on the front bed of 
the machine and a longer one to engage with those on the back bed. 
Such use of modified latch needles enabled the latch to form a 
"bridge" between the take-off elements and the magazine bar elements 
for the second stage transfer (See Fig 6.10) the latch return being 
by magnetic means. 
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The front-bed loops were engaged by raising the take-off elements 
to a position adjacent to the hooks of the front bed knitting elements 
(Plate 6.3), whereby the points of front-bed transfer elements 
penetrated the front-bed loops whilst, during the same raising 
action, the back-bed transfer elements had also risen through the 
spaces between these loops. By raising the elements just through 
the gap of the beds of the machine it was possible to raise, and hold 
in the raised position, the back-bed knitting elements (this was 
achieved by a specially designed auxiliary cam box, See Section 6.2) 
so that the back-bed take-off elements were held against the side of 
the back-bed knitting elements (See Plate 6.4). The auxiliary cam 
box was later replaced by a presser plate which raised all of the 
back-bed knitting elements in unison (See Plate 6.5). !',~odifications 
were made to the back-bed knitting elements {See Section 6.1.3) so 
that the loops held on these elements were raised to a position over 
the points of the back-bed take-off elements. At this point the 
take-off elements were again raised so that the back-bed take-off 
elements were able to pierce the loops held on the back-bed knitting 
elements. With all of the loops held thus, the back bed knitting 
elements were withdrawn from the loops by traversing the auxiliary 
cam box. The front bed knitting elements were then disengaged from 
the knitted loops by a subsequent tr~verse of the cam box, with front 
bed needles performing a knitting action but without yarn, thus 
serving to "press-off" the loops. 
At this stage the loops of the last knitted course were retained 
on the take-off elements. The take-off bar could then be withdrawn 
from the knitting 'zone to its lower position, ready to engage with 
the magazine bar to which the ribs were to be transferred and stored. 
Standard 
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a. Front 
Fig 6.9 The Two Types of Take-off Element 
co---' 
b. Rear 
Fig. 6.10 Transfer to a Magazine Bar Element 
Fie. 6.11 The Engagement of Two Narrowing Points 
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The take-off elements, formed from modified latch needles, 
adequately received the knitted loops from the knitting elements. 
however, for the second stage, i.e. transfer to the magazine bar; they 
proved inadequate due to the latches tending to stick in the fcrward 
position (Fig 6.10) rather than being satisfactorily returned to 
the rearNard position by magnetic means as had been intended. 
It was for this reason that a new take-off element was sought. 
The shape of the tips of the modified latch need~ was found to be 
similar to that of the narrowing points used in fully-fashioned 
knitting frames (See Section 1.1.3) and therefore a· set of narrowing 
elements (See fig 6.11) was obtained and evaluated. Their performance 
was found to be superior to that of the latched elements for two 
principal reasons. Firstly, it was possible to use a single type 
of element for both back and front bed loops, and secondly, the shape 
of the narrowing point was designed for ease of loop transfer from 
one element to another thus making the transfer from the take-off 
bar to the magazine bar very similar to the operation regularly 
performed in fully-fashioned manual rib transfer (See Plate 1.13 in 
Section 1.3.1). It was therefore possible to use standard narrowing 
points in both the take-off and magazine-bars. 
6.1.3 Knitting Elements 
In Section 6.1.2 it was stated that modifications to the knitting 
elements of one bed of the machine were required. Because of the 
simple nature of the hand-flat knitting machine used for the system, 
no facility for loop transfer from bed to bed was available. However, 
many 'V'-bed knitting machines used in rib production have a transfer 
facility and have specially designed elements for this purpose. For 
example, one construction of transfer knitting elements is shown in 
Fig.6.12 
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Fig 6.12. Each loop to be transferred is raised by lifting its 
knitting element higher than its normal knitting height by an 
auxiliary transfer cam in the cam box of the machine so that the 
loop is engaged against "a notch in the element and is forced upwards. 
The underside of the element is scalloped so that the opposing 
element on the other bed of the machine may pass between the 
element and one leg of the loop. 
A similar "notch and scallop" modification was therefore made 
to the elements of one bed of the hand-flat machine. This enabled 
the loops retained on the elements to be penetrated by the take-off 
elements as described in Section 6.1.2 rather than by the elements 
of the opposing bed as described in the preceeding paragraph. 
6.1.4 Magazine Bar Elements 
The most exacting area of the loop transfer system described in 
Sections 6.1.1 to 6.1.3 was the interaction between the take-off 
elements and the knitting elements. Transferring the loops from 
the take-off bar to a magazine bar for storage was a simpler task, 
in that such transfers are regularly performed in the feeding of 
knitted ribs to fully-fashioned knitting frames (See Section 1.3). 
With the adoption of standard narrowing points for both take-off 
and magazine elements the accuracy of their interaction and transfer 
ability was guaranteed. The magazine elements were to be brought into 
engagement with the take-off elements for the transfer to take place 
as shown in Fig 6.11. This transfer mechanism, although deSigned, 
was never fitted to the Mark I machine but was used as a basis for 
the later Mark II machine (See Chapter 7). 
Take-off 
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6.2 Motions and Mechanisms 
The elements described in Section 6.1 would have been completely 
useless without mechanisms capable of positioning those elements 
reliably and accurately relative to one another. Although the 
hand-flat knitting machine offered simplicity of operation it also 
imposed limitations of size upon the mechanisms and their means of 
operation. The mechanisms, although interacting with each other, 
are best considered separately. 
6.2.1 Take-down Mechanism 
The function of this mechanism was to deliver the take-down bar 
and elements into the knitting zone, operate the elements, and then 
apply a take-down force via the elements to the welt edge of the rib. 
The elements, although needing precise positioning in the knitting 
zone and in their lower position, did not need such critical control 
during the knitting cycle as the bar was effectively "suspended" 
from the beds of the knitting machine by the fabric. The stroke of 
this motion was of the order of 300mrn and so a carriage system was 
designed with guide rollers mounted on the carriage and running on 
vertical guide bars (See Fig 6.13). As shown in Fig 6.8, and Plates 
6.1 and 6.2, on top of the carriage was mounted the take-do.m bar 
with its operating cylinders to pivot the take-down hooks (See 
Section 6.1.1). The upper and lower positions of the carriage ana 
bar assembly were controlled by stops. Motive power for __ the take-
down assembly came from a double-acting pneumatic cylinder controlled 
by a 5-port spool valve (See Section 6.3) driving from a base plate 
on the machine to the base of the carriage assembly (See plate 6.6). 
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Fig, 6.14b The Take-ort Mechanism in its Operating Position 
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The use of a double-acting air cylinder to drive the take-down 
system enabled a small back-pressure to be applied to the cylinder 
during knitting to provide additional take-dovm force, this being 
adjusted by a pressure regulator, eliminating the need to add extra 
weights to the carriage. 
6.2.2 Take-off Mechanism 
The limited space available on the hand-flat knitting machine 
necessitated the development of a compound linkage mechanism to 
operate the take-off elements. In order to clear the take-down 
carriage as it was raised into the knitting zone, the take-off 
mechanism had to be withdrawn from that area. This led to the 
design of the SWinging action shown in Fig 6.14' and Plate 6.7. 
At the end of the knitting cycle the take-off mechanism was s~~ng 
from its rest position (Fig 6.14a) to its operating position 
(Fig 6.l4~) by a pneumatic cylinder. In this latter position the 
4-bar linkage supporting the take-off bar and elements was operated 
by a cam and push rod system to drive the elements up into the 
knitting zone. The four bar linkage was designed to provide the 
elements with the motion shown in Fig 6.14bsuch that, at the top 
of the stroke, the elements had not only been driven upwards through 
the loops on the front-bed elements, thus collecting them, but had 
also moved towards the back-bed of the machine, to further collect 
the loops from that bed (See Plate 6.8). 
The actual take-off motion was operated mechanically rather 
than pneumatically to provide the precise control necessary for 
accurate positioning of the elements, this motion being derived 
from a cam and camshaft mounted en the base plate of the machine 
(See Plates 6.6 & 6.9). Two matched cams were used, one for each 
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Fig. 6.15 Driving Mechanism for the Take-off Elements 
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Fig. 6.16 Standard and Auxiliary Cam Boxes 
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end of the take-off bar, with pivoting follower arms driving push-
rod linkages attached to the driver arm of each four-bar linkage 
(See Fig 6.15). 
6.2.3 Knitting Element Operation 
The transfer of loops from the front bed elements to the take-
off points was effected by use of the knitting machine carriage, as 
described in Section 6.1.3. Transfer from the rear-bed knitting 
elements to the take-off points, however, required an additional 
operation not provided by the simple standard knitting machine cam 
box. The action required to achieve the rear-bed transfer was to 
position the take-off elements so that, as the rear-bed knitting 
elements were raised, the point of each take-off element ran against 
the side of its associated knitting element and entered the scallop, 
thus penetrating the loop as shown in Fig 6.12. 
Initially an auxi~ry cam box was designed and built to lift 
the rear-bed knitting elements to the transfer position (See Fig 6.16). 
By operating this cam box, the rear knitting elements were raised and 
held in the transfer position whilst the take-off elements were 
raised to their maximum position, penetrating the knitted loops. 
Reversal of the auxiliary cam box retracted the rear-bed knitting 
elements, casting off the knitted loops and leaving the loops on 
the take-off elements. 
This method of operation was later modified to enable-the rear-
bed knitting elements to be operated by a separate operating plate, 
or presser plate, rather than by the auxiliary cam box, thus reducing 
the time taken to effect the transfer (See Fig 6.17 and Plate 6.5). 
The operating plate was controlled in a slide-way by linear bearings 
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and powered by a double-acting pneumatic cylinder. Once lifted to 
the transfer position, the take-off elements being raised through 
the knitted loops, the rear-bed knitting elements were lowered by 
retracting the operating plate and traversing the main knitting 
carriage across the beds of the machine. 
6.2.4 ]lagazine Bar Mechanism 
The operating mechanism of the magazine bar, although designed, 
was never fitted to the Mark I machine rig. This mechanism was 
designed to use standard narrowing elements as described in Sections 
6.1.2 and 6.1.4 and would have been the last of the mechanisms to be 
tested on this research rig. Because of the success of the initial 
transfer from the knitting elements to the take-off elements, it was 
decided that the magazine bar transfer system should be subsequently 
tested on a powered 'V'-bed machine of the type used industrially 
to produce knitted ribs which eventually became the basis of the 
Mark 11 ART System (See Chapter 7). 
The basic design of this mechanism is shown in Fig 6.18 and 
consists of two motions, one to drive the magazine bar in and out of 
engagement with the take-off elements and the other to sweep the rib 
off the take-off elements to the magazine bar elements • 
. 6.2.5 Cut and Clamp Mechanism 
In order that the individual ribs could be separated from one 
another it was necessary to cut the yarn which still attached the 
rib to the yarn carriers of the machine. The cut end attached to 
the rib needed to be released but the end still attached to the 
carrier had to be retained to enable the next rib to be knitted. 
If this latter yarn end was accidentally released, there would be 
insufficient tension to operate the latches of the knitting elements 
when the yarn was laid across the machine bed to form the welt course. 
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A device was developed that would both cut and clamp this 
"umbilical" yarn as the rib was lowered away from the knitting zone. 
The device (shown in Fig 6.19) consisted of a double-edged blade 
operating in a slot, the lower edge being sharp and performing the 
cutting operation and the upper edge being chamfered to clamp the 
yarn. As the take-off bar and rib reached their lOVler position the 
cut and clamp jaw was extended by the main air cylinder, thus 
opening the jaw, and releasing the previously held yarn as the 
retaining collar reached the front support, the stroke of the blade 
being greater than the stroke of the blade carrier. Once in its 
fully forward position, the auxiliary cylinder swept the mechagism 
across the yarn path to collect the yarn into the jaw. The main 
cylinder was then retracted, closing the cutting unit to cut and 
clamp the yarn and retain it clear of the path of the take-down 
and take-off mechanisms. 
6.2.6 Bed Drop Mechanism 
Although this mechanism was not essential to the functioning 
of the elements involved with the transfer operations, lowering the 
front bed of the knitting machine did provide a little extra clearance 
at various stages in the transfer cycle (See Section 6.3). The 
original hand-flat 'V'-bed machine had the facility to lower the 
front bed by operating a hand lever. This lever turned a shaft 
running across the front of the machine just below the bottom of 
the front bed and actuated a cam at either end of the shaft which 
lowered and 'raised the front bed. A simple modification tofuis 
system, consisting of an extra operating link at each extremity of 
the shaft, allowed the shaft to be operated by a pneumatic cylinder 
at each end of the machine (See Plate 6.10). 
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6.3 Control System and Operating Cycle 
The concept of the Mark I research-rig was to produce a simple, 
versatile system for evaluating various types of element and 
mechanism for performing rib transfer~ The rig therefore required 
a simple and versatile control system and it was for this reason 
that a mechanical/pneumatic control-and-drive system was chosen. 
Control of the operating cycle was provided by a single camshaft 
upon which were mounted the cams for operating pneumatic valves and 
for powering the main take-off mechanism (See Plate 6.6). The 
camshaft was driven by a variable-speed d.c. motor which was 
controlled by microswitches positioned at each end of the bed of 
the knitting machine and by a microswitch operated by the camshaft 
(See Fig 6.20). 
The system is best described by considering a single cycle of 
operation, in the numerical sequence shown in Fig 6.21, as follows: 
Position 1 At the start, the knitting machine carriage was parked 
at the right hand end of the beds as were the yarn 
carriers. The mechanisms were all withdrawn from the 
knitting zone and all mechanism actions were instigated 
by the cams on the camshaft. The carriage traversed to 
the left, laying in the first course of yarn between all 
the knitting elements in the knitting zone of both back 
and front beds. 
Position 2 The carriage reached the extreme left of the bed and 
started the camshaft rotation. The take-down cam 
operated the pneumatic valve to raise the take-down bar 
to the knitting zone, with the hooks through the beds 
and pointing across the axis of the machine between the 
80 
yarn loops of the first course. The hooks pivoted so as 
to be aligned along the axis of the machine and the take-
down carriage was lowered to apply weight to the first 
course. The camshaft operated microswitch then stopped 
the camshaft motor. 
Position 3 The carriage was traversed twice to knit two more courses, 
and after the second traverse it was again taken to the 
extreme left of the bed to initiate the camshaft rotation. 
Position 4 The camshaft started to rotate, thus pivoting the take-
down hooks, again to face across the machine axis. Then 
the take-down pressure valve was operated to provide 
extra take-down weight. The ca~shaft operated micro-
switch then stopped the camshaft motor. 
Position 5 The carriage was then traversed across the knitting zone 
until the required number of courses had been completed. 
Before knitting the last course the quality cam~ which 
controlled the amount of yarn drawn into each loop of 
~ 
the fabric, were changed to knit a slack course. This 
course was always knitted left to right across the machine 
to ensure that the yarn carriers were parked over the cut 
and clamp unit at the right-hand end of the knitting zone. 
On completion of this course the carriage was traversed 
to the extreme right of the bed to initiate the rotation 
of the camshaft. 
Position 6 The camshaft started to rotate, switching off the low 
pressure supply to the take-down carriage. The take-off 
mechanism was then swung into its vertical position and 
the main drive cams raised the. take-off bar until the 
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take-off elements had just pierced the front bed loops. 
They were then in position to receive the back-bed loops, 
the mechanism being held by a dwell on the main cams. 
The back bed knitting elements were then raised and the 
take-off elements correspondingly raised to their maximum 
height to pierce the loops. The needle raising mechanism 
was then retracted and the camshaft operated microswitch 
then stopped the camshaft motor. 
Position 7 The carriage was then traversed towards the left, having 
disengaged the yarn carrier~ to lower the back-bed knitting 
elements. It was then traversed to the right to press off 
the front bed loops, the front bed knitting cams being 
set as though to knit, thereby transferring the remaining 
loops on to the take-off bar. On reaching the extreme 
right-hand bed position the carriage initiated the cam-
shaft rotation. 
Position 8 The camshaft started to rotate, thereby lowering the take-
off bar, rib and take-down assembly. As the take-off bar 
reached its lower position, and was fully retracted, the 
cut-and-clamp unit was extended, swept across the machine 
to collect the yarns in the jaw, and then retracted to cut 
and clamp the yarns. The camshaft then rotated to its 
zero position and was stopped by the camshaft-operated 
microsVlitch. 
This represented one complete cycle of operations. It must be 
noted that the carriage was only traversed to the extremes of the beds 
of the machine when the camshaft was to be initiated; otherwise, the 
carriage was traversed only the shorter distance necessary to perform 
its knitting function. 
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6.4 Assessment of the Mark I System 
The concept of the Mark I system was to provide a simple, 
versatile test rig to evaluate various designs of element and 
mechanism regarding their suitability for automatic rib transfer. 
In this it succeeded insofar as loops of a knitted rib had been 
"automatically" transferred from the knitting elements of a 'V'-
bed machine to a set of take-off elements suitable for transfer 
to other machines. However, because the test rig was small in 
comparison to the machines used for mass-production of ribs it was 
not possible to produce full-width ribs. Problems were foreseen in 
providing the accuracy required over the much longer bed lengths of 
any possible production machines using this system. 
The control system had functioned effectively on the small-
scale rig, but it was thought that, with a larger machine of bed 
lengths up to two metres, a mechanical rather than pneumatic control 
would be desirable. 
It was proposed to proceed to the next research stage aimed 
a t modifying a powered ''!' -bed knitting machine of the type 
used industrially for producing knitted ribs. This Mark 11 machine 
could usefully incorporate design modifications to the system in 
the light of experiences with the Mark I rig and thereby provide 
a basis for further research and development towards the ultimate 
pre-production prototype (Mark III) machine. 
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Plate 6·3 
The take-off elements penetrating the front-bed knitted loops . 
Plate 6·4 
Back-bed knitting elements in raised transfer position . 
(actuation by aux iliary cam box) 
Plate 5 ' 5 
Back -bed knitting elements raised to their 
transfer height by the operating plate . 
Plate 6 · 6 
Rear elevation of machine show ing camshaft, spool valves, 
operating plate mechanism and take-down cylinder . 
Plate 6·7 
Swinging link assembly of the take-off mechanism. 
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Plate 6 · 9 
Front elevation of machine showing camshaft and take - off cams . 
Plate 6·10 
Front elevation of machine showing bed - drop 
cylinders and cut and clamp mechanism . 
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CHAPTER 7 
THE UNIVERSITY PROTOTYPE ART SYSTEM (MARK II) 
The Mark I test- rig had been designed to provide a means of 
researching a s imple system of automatic rib transfer . Success in 
this early work led to the proposal to modify, for fully automatic 
rib transfer, a powered ' V'-bed machine, typical of the type used 
in industry to produce rib borders . 
It was at this stage of the research tha t the early results 
were shown t o a l ocal knitwear manufac turer, Corah Ltd. of Leices ter . 
Such was th eir interest in the r esea rch tha t a producti on 'V '-bed 
machin e was mad e available to t h e De partment as a base for the 
prototype Mark 11 system . The aim wa s to research, design and 
develop an attachment that could be fitted to a standard , powered, 
' V'-b ed machine to facilitat e the automatic trans ference of 
knitted ribs to a magazine bar. 
7 . 1 Elements 
The Mark I system had proved the feasibili ty of the Loughborough 
system of rib transfer under ' laboratory conditions '. For such a 
system to be industrially viable, 100 per cent reliability was 
essential, thus each e l ement was analysed again to optimise its 
shape and method of operation (the final elements are sho~~ in 
Pla te 7.1). The machine u s ed as a base for the Mark II system was 
a 2.5 mm pitch Dubied DRC 2 powered ' V'-bed machine . It was 
anticipated that the 2 .5 mm pitch would present the greatest degree 
of difficulty in achieving automatic transfer compared with the 
coarser 5 mm pitch. 
----------------------------~.-~-- - - -
7.1.1 Take- down Elements and Press- off Bar 
The take-down elements used in th e Mark I system were designed 
to engage t he first course loops by pivoting about their axes (see 
Section 6 . 1 . 1) . This method, althou gh successful on the rel a tively 
short bed length of the t es t rig, presented pr oblem s of oper a ti on 
over the much greater bed length of the Mark 11 machine. Location 
and operation of the special pivoting take- down elements were 
difficult in the confined space beneath the beds of the DRC 2 
machine 
In order to simp l ify both the e l emen t and the mechanism, the 
' welt hook ' system of applying take-do~n tens i on was adopted (see 
Sec tion 6 . 1 . 1 and Fig 6 . 3) . 
The main problem with a ' wel t hook ' sy stem i s th e disengagement 
of the welt cours e loops from the hooks fol l owing the completion of 
the rib . The loops are normally disengaged by bringing a ba r over 
the top of the hooks to force the loops down and off the hooks (see 
Fig 7.1) . During this operation uniform tension mus t be maintained 
in the rib along its length to ensure tha t the loops are fully 
released. The t ake-down system of the Mark IT machine was des igned 
such that a light tension was mainta ined on the welt edge of the 
rib when the t ake- do,m bar and carriage reached its lower stops . 
The bar and operating mechanism of the disengaging bar was adjustable 
and mounted independently f r om the take- down carria ge assembly . As 
the t ake- down carri age reached its lower stops , the di sengaging bar 
wa s brought over the tops of the take-do~~ elements, and well past 
the hooks , to di sengage the welt course loops from th e t ake-down 
hooks. 
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To ensure engagemen t of the Vlel t course yarn loops with the 
hooks of t he take- down elements, the yarn was laid between the 
t ake- down hooks and the front - bed knitting elements on l y ( see 
Section 6 .1.1). The t ake- down el emen ts were in traduced in to the 
knitting zone by the t ake- do wn mechanism, the hooks protruding 
through the bed gap some 1 5 mm . The yarn was drawn around the 
hooks by t raversing the kni tting machine cam- box Vii th front-bed 
knitting elements operating in the knitting mode . A draVlthread , 
i.e . ;r,anually removable yarn, was u sed for the fi r s t cours e to 
avoid un even t ension distorting the main ya rn welt course . The 
dr aw thread ya rn carri er was slightly offset from the cen t re l ine 
of the bed t o clear the take- down e lement s (see Pig 7.2) . 
The drawthread course having been laid , the t ake- down elemen ts 
were lowered by the t ake- down mechanism to apply a light t ensi on to 
the yarn loops (see Fi g 7.3) . Take- down tension at thi s stage of 
the cycle was critical ; with too high a tension the yar n would break 
during the subsequent course; wi th too low a tens ion , the knitting 
elements would not function correctlY'. Applica tion of the take-down 
tension was control led by the movement of the t ake- down mechanism 
( see Section 7.2. 1) and by the con trol sy s t em (see Section 7. , ) . 
Th e control system gr a dually increased the take - down tens ion 
on each subsequent course for t he first six courses of knitting, 
a t whi ch poin t full t ake- down tension was applied to the f abric . 
On completion of the r equired number of courses of knitting , 
the knitted loops were transferred from the knitting elements to 
the t ake- off elements and the take - off ba r . The t ake- off ba r , 
f abric and t ake- down bar were lowered to ge ther to the lower trans fer 
point (see Fig 7 . 4 ) wh ich was se t by stops on the t ake- down and 
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take-off mechanisms. The stops were pos i tioned so a s to provide a 
slight tension in the fabric to enable the press-off bar to disengage 
the drawthread course from the welt hooks . Again fabric tension was 
cri tical; a 10Vl ten s ion could prevent s ome of the loops from di senga g ing ; 
too high a tension would not allow the loops to be remove d from the 
take- down hooks ( see Section 6 . 1 . 1 for detai l s of th e operation of 
the press- off bar) . 
7.1.2 Take-off Elements 
The Mark 1 system take- off elem ent had been based upon a st andard 
fully-f ashi on ed na rrowing po int. Interac ti on wi th the knitted l oops 
relied upon these l oops being l oca ted by the knitting e l ements of the 
machine . A s i mil ar approach Vias ado pted with the Ma r k 11 s ys t e::: . 
However, with the tran s fer facility of the DRC 2 machine, it Vias 
possible to perform loop doubling and to transfer all loops to one 
bed of the machine. The method of loop tran s fer u s ed on the DRC 2 
required that a knitting element should be ca pable of piercing a 
y a rn loop on an opposing knitting element, in a simil a r manner to 
that of the loop transfer configuration used in the Ma r k I system of 
take-off. It was therefore possible to u s e this feature of the 
knitting elements (see Section 7 . 1 . 3) to effect a trans fer of loops 
from the knitting elements to the take- off elements . 
The method of transfer first envi s aged for the Mark 11 system 
required that the ya rn loops of the last knitted course were 
transferred to one bed of the machine . At this stage the take-off 
elements were raised in to the knitting zone (see Fig 7. 5) adjacent 
to the knitting elements carrying the loops . The knitting elements 
were then raised, and held in unison at their transfer height, 
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lifting the yarn loops over the points of the t ake- off el ements . 
Full engagement of the yarn loops was ensured by raisin g the t ake- off 
elements a fUrther 10 mm before retracting the knitting elements to 
disengage them from the yarn loops . 
The system described above wa s based u pon the Mark I transfer 
system but, as with the take- down system , the length of the DRC 2 
machine required extreme preci s ion from th e mechanisms which was an 
undesirable feature fo r a ' bolt- on ' system . Alternative methods of 
trans fer were sough t therefore in an attempt to r educe the preci s i on 
r equired from the mechani s ms. 
The previous methods of trans fer had a l l relied upon t he knit t ing 
elements and th e t a ke- off elements being engaged direc tly . It was 
proposed that the t ake- off element s should be introdu ced into th e 
spac e between the knitting element s , th en moved axially a long th e 
machine to engage with the knitting elements . 
To achieve this a novel method of elemental interaction was 
devised . Subsequent to the l ast course of knitting , all l oops were 
transferred to the front bed of the DRC 2 , the knitting elements of 
each bed being laid out to achi~ the neces s a ry doubling of loop s 
during the transfer. A f urther single slack course was knitted on 
the front - bed only and then the front - bed was dropped away from the 
knitting zone (see Fig 7.6). The cambox of the machine was then 
travers ed with no ya rn being f ed , an action which would normally 
' press - off ' the loops from the knitting elements . As the verge of 
the front bed was now below its normal po s ition , the loops were 
retained on the knitting elements and not ' pre s sed- off ' (see Fig 7 . 7a 
and Plate 7 . 5) . 
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The new take- off e l ements consist ed of a ' double curv ed ' hook 
(see Fig 7 . 8) and were introduced by the take- off mechanism into 
the s paces between the knitting elements . An axia l and upward 
motion of the knitting bed relative to the t ake- off el ements engaged 
the hooks of the t ake- off el ements with the ' eye ' form ed by the hocks 
and latches of the knitting e lement s , a bove the lo ops ( see Fi g 7. 7b 
and Plate 7. 6 ) . The knitting machine carriage was then travers ed 
across the knitting zone with the knitting cams disengaged such tha t 
the qua lity ca ms acted upon the butt s of the needles pulling the 
hooks down t o a hei ght below tha t of the v er ge of th e bed . This 
had the effect of ' pressing- off ' the knitt ed loops fr om th e knitting 
elements but, because the points of the t ak e- off e l ements ext ended 
over the verge (see Fig 7 . 7b & c), the loops were s l ipped onto the 
take- off el ements before being dis engaged from the knitting element s , 
thus effecting the trans fer. In order to ensure tha t all knitted 
loops had pas sed over the crests o f th e t ak e- off element s and were 
reta ined against the barbsof these elements , an auxiliary tran s fer 
cam or plough was swept acros s the knitting zone. The plough , 
mounted upon a modified yar n carrier, traversed the knitting zone 
between the take- off elemen t s and the rear- bed , forcing the t ake- off 
elements forward against the front-bed verge ensuring that the loops 
were brought over the crest of the elements and down to the barbs 
(see Fig 7 . 7d) . Fol l owing thi s traverse , the front bed was lowered 
and the t ake- off and take- down carriages allowed to desc end to the 
lower transfer position where the magazine bar elements were brought 
into engagement with the take- off elements as sho~~ in Fig 7 . 9b. As 
the magazine bar elements approached the take- off elements ,- brush 
mounted upon the ma gazine bar carria ge above the maga zine bar 
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elements swept any loops away from the cres t of the t ake- off el ements . 
This was found n ece s sary to prevent the trapping of loops durin g the 
engagement of the two s ets of elemen t s . This could occur a t the 
se l vedge edges of th e ribs where the redu ced f abric ten s ion was 
unable to pu l l the end loops sufficiently far ov er the cres t of th e 
t ake- off elements to avoid trapping . Once th e two sets of elements 
were corr ectly engaged , the s;l'eep- of f elements were operated to lift 
the loops to the cr es t of the take- off elements then t o drive the 
loops forw ard onto the magazine ba r elements., comple ting th e t r an s f er 
( see Fig 7 . 9b) • 
In order to ach i eve the necessar y uniformi ty between elements , 
the new t ake - off elements were manufactured to drawi ngs, provided by 
the autho~ by a spe c i al i s t knitting elem ent firm (namely T. Gr ieve 
and Son Ltd . of Coalvi ll e Leicestershire) . 
7 . 1 . 3 The Knitting El emen t s 
The Dubied DRC 2 knitting machine ( see Pl a te 1 . 3) u sed as a 
basis fo r the !.:a rk 11 machine was a double system machine ( i.e . two 
sets of kni tting cams and yarn carriers to enable two courses to be 
knitted wi th each traverse of the cambox) with front bed to r ear bed 
and rear bed t o front bed l oop trans fer f ac ility . 
The knitting elements of the Mark II machine were not modified 
in any way; however the Ma r k 11 sys t em of rib transfer r equired all 
knitted loops to be on the front bed kn i tting elements prior to 
transf er to the t ak e- off elements . Thi s transfer from rear to front 
b ed kn itting elemen t s was accompl i sh ed using the standar d transfer 
facili ty of the DRC 2 cambox . 
95 
7 . 1.4 : .. agazine Bar Elements 
The magazine bar elements had to be capable of both receiving 
loops from the t ake- off elements and transferring loops to the 
elements of another machine, such as a straight bar fully - fashioned 
machine . 'Ni th the l.:ark I system this had not been a problem as 
standard , fully- fashioned narrowing points had been used for the 
take- ofr elements . However, the rinal l~ark 11 take- orf element 
was considerably dirferent rrom the ~!ark I e l ement and thus the 
interaction betw een it and the magazine ba r element required a 
complete redesign . 
The l oop transfer from take- off to magazine ba r elements was 
through an angle of 90 degrees rather t han the nor mal linea r 
transfer motion (see Fi g 7.9) . This also r equired the development 
or a specia l sweep- off motion ( see Section 7.1.5) to transfer or 
sweep the loops from the take- off elements to the magazine bar 
elements . The basis ror the new magazine bar element was a standard 
fully - fashioned magazine bar element . 
To accommodate the hook of the take- orr element, the eye of 
the magazine ba r element was brought fon;ara to 'run out ' of the 
end of the element (see Fig 7.9) . The hook of the t ake- off elemen t 
was thus in a trailing orientation to the yarn path . An ' eye ' in 
the take- off element accommodated the point of the new magazine bar 
element and ass isted the alignment of th e elements . In order to 
achieve the necessary uniformity between the elements , these new 
elements were made to drawing~ provided by the author, by a specialist 
knitting element manufacturer (namely T. Grieve and Sons Ltd . ) . 
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7 .1. 5 The dweep- ofj' Element s. 
The tran s fer of the loops from the take- off elements to the 
magazine bar elements required tha t the loops were flirst raised 
vertically from the barb or yarn s top of the t ake- off elemen t s 
and th en moved forwar d on t o the magazine bar elemen t s . In order 
to prevent di s tortion, all l oops were r equi r ed t o be manipulated 
in unison . 
The first s weep- off system consisted of a series of curv ed , 
plate- like elements (as shown in Fig 7.10 ) mounted on a b ar. The 
transfer of the loops was accomplished by first engaging the comb-
like sweep- off bar between the t ake- off elements . Rotation of the 
bar and swe ep-off elements r a i sed the loops up the t ake- off elements 
and then pushed them forward on to the magazine bar elements. In 
pr ac ti ce , thes e e1 emen ts exhi bi ted a tend ency to trap t he yarn loops 
against the magazine bar elements, causing the mechanism to jam . 
An alternative method of transfer was therefore research ed . 
Two motions were r equired t o transfer the loops from the take-
off to the magazine bar elements , a vertical moti on followed by a 
hori zonta l one . By keeping these two motions separate rather than 
combining th em, as with the rotary transfer system , t r apping of the 
yarn was eliminated . The final sweep - of f system is shovm in Fig 7 .11 , 
the elements being modi fi ed ful ly- fashioned dividing elements mounted , 
comb- like, in a bar . 
The sweep- off elements were mou n ted on the sweep-off mechanism 
located t o the rear of the lower transf er point . Once the take- off 
ba r and mechanism had reached thi s point and the magazine bar elemen t s 
had engaged with th e take- off elements , the sweep- off elements were 
mov ed forw ard t o engage with the loops of the rib between ad j acent 
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take- off elements. The sweep- off elements and the loops were then 
raised until they aligned with the magazine bar elements and the 
loops pressed forward on to the magazine bar elements (see Fig 7 .11a, 
b & c) . The sweep- off mechanism was t hen retracted. 
7.2 Motions and Mechani sms 
The use of the Dubied DRC - 2 ' V'-bed machine required that all 
motions and mechanisms were re- examined with regard to the greater 
bed wid th of the Mark II system . It was essential tha t all elements 
should be controlled precisely in order to function correctly, as 
such elements could be almost 2m apart. Thus mecha nism s were devised 
t to provi de this control, the motions being generated by cams . 
Although the DRC-2 ma chine was much l a rger in size than the 
hand- flat 'V '-bed used for the Mark I system , space in which to 
accommodate mechanisms was still limited . It was essential that all 
mechanisms should be capable of simple adaptation to other makes of 
' V'-bed machine in common u s e i n the knitwear 'industry. 
7.2 . 1 The Take- down Mechanism 
The function of the take- down motion (see Fig 7.12) was to 
pos ition the take- down elements accurately in the knitting zone, 
adjacent to the knitting elements and t o maintain that position 
during the introduc tion of the drawthread yarn . Once the yarn had 
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been engaged by the knitting elements and the take- down elements, a 
gradual lowering of the take- dovm elements was required to apply an 
initial tension to the yarn to ensure correct operation of the knitting 
elements. During the first six courses of knitting , the take- down 
elements were lowered incrementally, gradually applying a greater 
tension to the fabric at the end of each course . Fo llowing the 
t see note on p . 132 
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completion of the sixth course, the mechanism was required to p r ovide 
full take- down tension to the fabri c and to allow the t ak e- down 
elements, bar and carriage to des cend with the f abric. 
One of the major factor s governing the design of the take- down 
mechanism was the length of ri b to be knitted . The mechan i sm had to 
be capable of applying tension to th e welt edge of the rib during 
the knitt ing cycle and also during the descen t of the rib from the 
knitting zone to the lower transfer position. Th i s posi ti on was 
determined by the distance that the take-off mechanism had to travel 
t o cl ear the underside of the knitting beds of the mach i ne ( se e 
Section 7.2.2) . Enquiries in the knitwear indu stry r evealed that 
a range of rib l engths from 20 to 150mm covered t he vas t majority 
of rib s tyl es in current pr odu c tion . The stroke of the take- off 
mechanism was se t a t 180mm (see Section 7 . 2 . 2) and therefore the 
maximum stroke required from the t ake- down mechanism was 330mm. 
To provi de the necessary guidance for the elements, and thei r 
mounting bar, they were fixed to a carriage running on plain linear 
bearin gs attached to vertical end- plat es at either end of the 
knitting machine. These end plates enabled the nece psary relation-
ship between the three main mechanisms, i. e . take- down , take- off and 
magazine bar, t o be achieved. The guides on the end plates provided 
lateral location for the t ake- down mechanism , the axial location 
being obtained via a central guide bar . Vertical location of the 
t ake- down mechanism was provided by a syst em of cr oss- linked 
bellcranks and pushrods as s hown in Fig 7.12 and Plate 7 . 2 . The 
system was operated by a cam and follower mounted in a specially 
designed cam- box located at one end , outside the mai n fram e of the 
kn i tting machine . The cam follow er was connected to the take- down 
mechanism vi a a ' collapsible ' link . This link was designed so as 
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to allow the follower t o remain in constant contact \Vi th the cam, 
this being particularly important when the t ake- down mechanism was 
being raised and when subsequently attached to the fabric during 
the knitting and transfer cycles (see Fig 7 . 13). The cam profile 
was constructed with a dwell period at maximum l ift to enable the 
mechanism to be held in the knitting zone during the l aying of the 
drawthread yarn. Following thi s dwell , a period of gr adual fall 
allowed the t ake- down tension to be increased steadily up to 
maximum tension . A detailed description of the cycle of operations 
i s given in Section 7 . 3. 
7.2 . 2 The Take-off Mechanism 
The function of the t ak e- off mechanism was t o pos i ti on th e 
tak e- off elements ad j acent to the knitting elements in the knitting 
zone , maintain that position during loop transfer , l ower the elements 
to the lower transfer position and maintain that po s ition during the 
transfer of the l oops to the magazine bar elements . In operation 
and construction, the take- of f mechanism wa s es s entially identical 
to the take- down mechanism except that the be l l cr ank levers were 
connected to the cam fo llower by a rigid rather than a collapsable 
link . The vertical slides were however set at 4 degrees to the 
vertical to provide clearance between the take- do.m and take- off 
car riages in the kni t ting zone during the l oop transfer sequence 
f r om the knitting elements to the take- off elements . Spatial 
location of the mechanism was accomplished in the same way as the 
take- down mechanism , i . e . laterally by the linear guides , axially 
by a central guide bar and vertically by a system of cross- linked 
bellcranks (see Fig 7 . 14). 
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During the s equence of l oop tran sf er f r om the knitt ing elements 
to the t ake- off elements, it was ne cessary to provide a r e l a tive 
axial movement in order t o engage the ty'o sets of elements (see 
Sections 7 .1. 2 and 7. 1. 3 ) . Initially it was antic i pated that this 
mot i on would have t o be incorporated in the take- off mechanism . 
However, experiments conducted to evaluate th e pr ac ticali ty of 
moving (or ' shogging ' ) the knitting elements r ather than the take-
off elements led t o this motion being gener ated by specially designed 
bed location blocks ; these imparted an axi a l movement to t he front 
bed , and its knitting elements, as the bed Vias raised and lowered 
pri or to the transfer sequence (see Section 7 . 2 . 6) . It was therefore 
unn ecess ary to incorporate a ' shogging ' mo ti on in th e take- off 
mechanism . 
7 . 2 . 3 The l1agaz ine Bar I,~echanism 
The magazine bar and its elements provided the link between 
the 'V' - bed knitting machine a nd the strai ght- bar fully - fashioned 
knitting system . Th erefore the magazine ba r element s were r equired 
to i n teract with both the t ake- off elements of the ' V'-bed machine 
and the standard elements used in fully- fashioned knitting vi a a 
gauge- chal'lging devi ce (see Chap ter 11). The bar it s elf was 
detachably mounted to the magazine bar mechanism of the 'V'-bed 
machine and was also capab le of being mounted remotely from the 
machine in ord er to interact with bars and elements from the f u l ly-
f ashioned sys tem. 
The magazine bar mechanism cons isted of a carriage mounted on 
plain linear bearings located on th e two end plates of th e machine . 
These bearings were inclined at 40 degrees to the horizontal to 
provi de a suitable path for the maga zine bar elements as they 
approached the t ake- off elements in their 10Vler t rans f er po s ition . 
----------------- - --- - - - - - -
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This inclined pa th allowed the magazine ba r elements to appr oach 
the take- off elemen ts from below in order to enable th e elements 
to engage correctly (Fig 7 . 15 ) . The mechanism was operated by a 
cam a nd follower acting through a system of cross lin ked bell cr anks 
in a similar manner to both the take- down an d t ake- off mechani s ms . 
An ex t ra set of bellcranks at each end of the magazine bar mecha nism 
tran s ferred the drive from the verti cal mode to ac t at 40 degr ees to 
the horizontal (see Fig 7 . 15) . Axial location was provided by a 
centrally mounted guide pla te attached t o the frame of the ma chine 
and a 'shoe ' attached to the mechani sm. Central axi a l lo cati on was 
chosen f or al l of the maj or mechanisms in order to redu ce error s 
due t o differential thermal expans ions of th e aluminium carria 7 e 
ba rs and th e stee l of the ma chine frame. 
The magazine bars were required to loca te on the magazine ba r 
mechanism of th e ' V' - bed machine and a l s o on a "tran sfer frame " to 
transfer the ribs to t he fully - fash ioned sy s tem . Location f or these 
bars was provided by dowel pegs on their undersides which loca ted in 
holes on the carriage bar . 
7 . 2.4 The Sweep- off Mechanism 
Wh ereas al l the mechanisms de s cribed in Sec t ions 7. 2 .1 to 7 . 2 . 3 
had required only strai ght line motion, to function correctly , the 
sweep- off elements reqUired motion in two planes. The tran s fer of 
the loops f r om the take- off e l ements to the magazine bar elements 
necessitated the raising of the knitted loops from the ir re s t 
posi tion aga inst the retaining barb s (see Fig 7. 8 ) of the take- off 
elements to a position l evel with the magazine bar elements ; thi s was 
then followed by a fo r ward motion to transfer t he l oops onto the 
magaz ine bar elements . This sweep- off motion was split into three 
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sequent ial movements (see Fig 7 . 18) . The first (horizontal) 
movement brought the sweep- off elements forward fr om their r es t 
posi tion at the rear of t he ma chine to engage the kn itted loops 
j ust below the r e taining barbs of th e take- off element s . The 
second (vertical ) movement r aised the lo ops to align them with 
the magazin e bar elements and the third (horizontal) movement 
transferred the loops forward from the t ake- off element s onto the 
magazine ba r elements . 
These three phases of the sweep- off motion were generat ed by 
a f our- bar li nkage and lin ear ca~ at each end of the mechanism . 
The linkage was designed wi th a cam f ollower a ttached to a trailing 
link and running on the linear c am ( see Fig 7 . 17) . The mechanism 
was set so tha t in the r earmost position t he sweep- off elements 
were a ligned below the leve l of the knitted loops held on the t ak e-
off elements. As the sweep- off mechani sm was dr iven forwards (by a 
cam, follower and bellcrank sys tem of simi l ar design to tha t of the 
magazine bar mechanism , see Fig 7 . 16 ) , the ' nebs ' of th e sweep- off 
elements entered the spaces between adjacent t ake- off elements 
bel ow the knitt ed loops. The linear cams were set so th at as the 
s weep- off elements penetrated these spaces , the followers on the 
linkage arr i v ed at the point of lii't on the cams . Further forward 
motion of the leading link caused the trailing li~~ to ri se , thu s 
lifting the s we ep- off bar and e l ements and causing the knitted loops 
to engage with the nebs of the sweep- off elements . Once the f ollower 
had r eached the cres t of the cam, the sweep- off bar continued its 
forward motion, driving the knitted loops onto t he magazine bar 
elements . The sweep- off elements were then withdra wn , followin g 
in reverse their path on the forward stroke . 
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7 . 2.5 The Cut and Clamp Mechanism 
The sys tem of cutting and clamping yarns researched on th e 
Mark I machine, al though adequa te for the purpose, had a number 
of drawbacks in th e context of the univ ersity prototype machin e 
(Mark 11) i n that the hardene~ cutting edges woul d require 
resharpening, the clamping action was not really positive and th e 
method of operation was comp l ex. It was therefore decided to 
research other methods of severing and reta ining y arn s . 
On t he Mark 11 machine it was possible to knit t wo body ribs 
or four cuff ribs a t the same t ime . It was therefore necessary t o 
be able to cut and clamp u p to f ou r differ ent sets of yarn s 
simul t aneously ac r oss the wi dth of the machi ne . Thu s these 
mechanisms were required t o be compact and se lfcontained, and 
be conveniently repos itioned anywhere along the machine adjacen t 
to the lower tran s fer zone. Becau se of t he inclined mot i on of the 
magazine bar mechanism , it was possible to mount a devi ce on this 
mechanism whi ch would gather th e se t s of yarns to one point as 
the mechanism r eached its upper position (see Fig 7.19). This 
yarn trap was posi ti oned above and in front of the tips of th e 
magazine bar elements and comprised thre e ad j acent wires forme d 
in the shape of a 'Y ' (see Fig 7 . 20) . The car~on steel wire 
provi ded a gr ipping action as well a s serving to guide th e yarns 
over an electrically heated wire ' burner ' situa ted below the yarn 
trap; The heated wire severed the yarn s and the yarn trap reta ined 
the 'live ' yarns , i.e. the ends oS th e yarn s passing through the 
yarn carrier s of the knitting machine , ready for th e s t art of the 
next rib . The s ystem was simple in operation , r equiring no extra 
mechanisms ; however a micros witch was included in the ' burner ' circuit 
so tha t the wire was only heat ed when the magazine bar mechani sm was 
Hardened 
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, 
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Ble.de 
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Cable 
Drive 
Fig. 7. 21 'Scissors' Type Cut and Clamp Unit 
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operated . Although this syst em retained the yarns after s epar a tion 
so that knitting could continue , a problem was found with the build-
up of yarn ends which occasionally fai led to be released f r om the 
trap . As the number of these ends increased, the wires were force d 
apart , allowing subsequently ga t hered y arns to be pulled from the 
trap during the first course of knitting . Provided t ha t t he trap 
was cleared every 20 or so rib s , the function was not i mpatted but 
t h i s was an undesirable feature on a machine designed for production 
and therefore alternative systems were resea rched . 
Further tests indicat ed tha t the only s ure way of releas ing 
the trapped ya rns once the fir s t c ours es of knitting had b een 
completed was to mechanically di s engage the y arns . The sy s t em wsed 
on the t.\ark I rig ha d this facility, but ha d not been u s ed on the 
Mark II machine because of its need for a driving means and also 
because its constructi on was complex. A re- evaluation of thi s 
system was undertaken t o reduce its complexi ty and to improve its 
durability. The basic principle of the sys tem wa s tha t, as the 
yarn was trapped, it was severed by a cutting edge. \V i th the 
Mar k I ri g the cutting and trapping edges had been on the same 
bl ade . Ey separating t he two functions and providing a flexible 
' bl ade ' for each , the need for close manufacturing tolerances was 
removed . The mechanism itself was simplified by operating the 
' blades ' with a scissors ac t i on (see Fig 7.21) , driven from a 
linkage on the magazine ba r mechanism, through a Eowden cable . 
Eeing cable opera ted, the mechanism coul d b e positioned along the 
magazine bar mechanism wherever the y arns required cutting and 
cl amping . 
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7 . 2 . 6 The Bed- drop Mechanism 
The bed- drop mechanism on the Mark I rig had been provi ded 
to give added clearance in the knitting zone for the transfer 
opera tion . On the Mark 11 machine the bed- drop mechani s m f ormed 
an integral and fundamenta l part of the opera ting cyc le. In 
order t o prevent the l ast cour se of knitting fr om being ' pres s ed 
off ' from the knitting elements and to reta in the l oops in a 
suitable orientation for transfer to th e t ake- off e l ements , it 
was es s ential for the front bed to be lowered . The Dubied DRC 2 
' V' -bed knitting machine u s ed a s a basi s f or th e '.:ark 11 machine 
was fitt ed with a manu ally oper a ted bed- dr op me ch~~i sm a s s t andard. 
It wa s therefore decided to use thi s s t andar d m ech ?~ism to f orm 
the basis for the automatic bed-dr op me chani s m. 
The front bed of the machine was r e tained by a t ap ered block 
at each end of the bed , fas tened t o the main bed- supporting casting. 
Thes e blocks Vlere fi tted through elongated slots in the bed such 
that the bed could slide up and down (see Fig 7.22 ) . To reta in 
the bed in its raised pos ition, a spring loaded, t apered wedge 
at each end of the bed was inserted between the bed and a fixed 
stop when the bed VIas raised . These wedges could be raised by 
small cams situa ted in the bed- support cas ting at each end of the 
machine , and operated by a lever which rotated a shaft running the 
length of the machine jus t below the bed . By r o t a ting this shaft 
in the opposite s ense , a lever at each end of the bed raised the 
bed until the sprung wedges coul d drop in behind the bed to retain 
it. 
• 
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Fig. 7. 24 Bed-drop Mechanism 
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An essenti a l part of the transfer operation was the r e l a tive 
axial motion of the knitting elements and the take- off elemen ts. 
Thi s motion could be achieved by two methods; either the t ake- off 
b ar and elements could be ' shogged ' t o engage the two sets of 
elements, or the knitting bed and elements could b e ' shogged ' 
towards the take- off elements . The Dub i ed DRC 2 machine was fitted 
with a ' shogging ' mechani sm as s t andard , but thi s operated only on 
t he rear bed which Vias not fitt ed with a b ed- drop facility. A 
gr aphic analysis of the interaction of the t ake- off and knitting 
elements revealed tha t it was possible t o ' shog ' the knitt ing 
elements as the front bed was raised , and so two s peci a l bed-
re taining wedges were manu f ac tured t o test the principle . The 
wedges were designed to completely fill the elongated s lo t s in 
the bed an d had a slot cut in them a t an angle in which ran the 
retaining bol t ( see Fig 7 . 23) . Thus as the bed was raised and 
lowered it was ' shogged ' axi ally to engage and disengage the 
elements . Thi s s imple modification to the machine eliminated the 
n eed for the inclus ion of a ' shogging ' mechanism on the take- off 
mechanism. 
The bed- drop mechani sm was operated from the main cam- box , 
by a cam and f ollower system acting through a Bowden cab le and 
l ever at each end of the standard bed- drop operating s haft of the 
machine ( see Fig 7 . 24) . 
7.2.7 Press- off Mechanism 
In order to release the drawthread y arn l oops from the hooks 
of the t ake- down elements, a press- off ba r Vias pivoted over the top 
of the hooks (see Sections 6.1 . 1 and 7 .1. 1). The bar was carried 
on a rotating b ar running ax i a lly along the machine below the 
Follower 
Bellcrank 
Press-off 
Bare 
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lov.er transfer posi tion , which in turn was located at ei ther end 
by plain bearings mounted on the end plates of the machine . 
Operation of the mechanism was by a cam in the main c am- box 
acting through a system of bellcrank levers an d rods (s ee Fig 7 . 25) . 
7 . 3 Control System and Operating Cycle 
The preceding sections 7 . 1 and 7 . 2 have described the function s 
of the va rious elements and their operating mechani sms . Thi s section 
will describe the method of control and the sequence of opera ti ons . 
7 . 3 . 1 The Control System 
Th e ma jor functions of the transfer system , i . e . the take-down, 
take- off and magazine ba r mechani s ms, all required precise con tro l 
in order to function Vii th th e maximum relia bili ty. It was for this 
reason that these mechani s ms were cam- controlled (see Fig 7.26 ) . 
The cams and cams haft were located a t the left- hand end of the 
machine , outside the main frame (see Plate 7 . 2) . All nechani sms 
used in the transfer operation were driven from this cam-box; thus 
the position of the cams r elative to each other provided th e 
necessary interrelationship between the mechanisms . Control of 
the transfer sequence was therefore simply a matter of controlling 
the position of the camshaft and initiating the kni t t i ng cycle at 
the appropriate time . Positional control of the camshaft was 
provided by ' flags ' arr anged around the periphery of a disc (see 
Plate 7 . 3 ). These ' flags' interupted a photoswi tch and s topl)ed 
the camshaft at the desired position . In order to ensure that the 
kni tting machine was not in operation whilst the trans fer mechanism 
was functioning, an interlock , in the form of a c.hangeo ver relay 
was used to initiate either the knitting cycle or t he cam shaft 
motor such t h at they cou ld not operate simultaneous l y . The camshaft 
was driven by a threephase brake-motor, th rough a reduction gea rbox, 
the camshaft being indexed by switching the motor . 
123 
In order to ensure that the knitting machine carriage was out 
of the knitting zone durin g the transfer operation, i.e. par ked at 
t 
one end of the bed or the other, photoswitches were positioned at 
either end of the knitting beds such tha t they were i nt errupted when 
the carriage was at the extremities of it s travel. Only when either 
one of these switches was operated was it possible to operate the 
camshaft drive. 
The Dubied DRC 2 used for the Mark 11 machine had a mechanical 
clutch and brake system fitted t o in t errupt the carriage drive from 
the main motor which , under norma l circumstances, was cons t antly 
running. The clutch was operated by pulling out a tapered shaft 
running through the cen tre of the main drive wheel of the machine , 
thereby forcing the clutch shoes out into engagement with the inner 
surface of the main drive wheel to transmit the drive. The t apered 
shaft was latched in its outward posit ion by a solenoid which, when 
operated, released the shaft and disengaged the drive to the machine 
carriage. In order to operate the machine automatically, modifications 
to this mechan ical clutch were necessary to facilitate automat ic 
control . The engagement of the clutch was achieved by actuating a 
pneumatic cylinder via a solenoid-operated valve triggered by the 
changeover relay of the main control system, thus mechanically 
operating the tapered shaft of the machine clutch mechanism. Dis -
engagement of the clutch was achieved by operating the solenoid 
latch to release the tapered shaft and thus the clutch . The function 
of the solenoid release on the original machine was to stop the 
kni tting cycle in the event of a yarn breakage. Microswi t ches 
operated by the yarn breakage detectors intarupted the solenoid 
circuit, releasing the clutch and thus s topping the carriage . 
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The DRC 2 machine was equipped wi th a con trol card system to 
enable a series of kni tting functions to be ' pro grammed ' . A number 
of these plastic punched cards were assembled into a loop to provide 
the knitting instructions for the automati c cycle. The punched 
cards were indexed over a four- sided pr ism to be ' read ' by a 
ma trix of operating pins which , at the end of each course , could 
be indexed by either one or two cards backwards or forwards . It 
was possible to arrange the cards in such a way as to os cillate 
between two cards , enabling several s i milar course s to be knitted, 
without having to construct a long cha in of identical cards . In 
order to exit from this ' closed loop ' a card saver drum was provided. 
This consisted of an indexin g drum, contr olled by the punched cards 
and having two rows of holes around its periphery into which could 
be placed pegs . Pegs placed in one set of holes enabled the machine 
to exit from the ' closed l oop ' by providing an a dditional index to 
the prism . A peg placed in the other set of holes actuated a micro-
switch as the drum was indexed and this smtched of f the main motor 
of the knitting machine. This function was not r equi r ed on the ART 
machine and so it was modified to initiate the transfer cycle by 
reactivating the extreme traverse sensors following the comple tion 
of the rib (see Section 7 . 3 . 2) . 
7 . 3.2 The Onerating Cycle 
All functions of the automatic cycle were initiated by the 
camshaft system, either by the cams themselves or by the ' fl ags' 
on the control disc . Thus the relationships between the various 
mechanisms and functions of the system could be set to provide 
optimum performance . Figure 7 . 27 is a graphical representation 
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of this interrelationship . The cycle of operations is best 
desc r ibed by considering the production of one rib . 
At the commencemen t of the machine cycle the fo l lowing 
conditions were set : 
1 . All mechanisms were at zero displacement (camshaft at zero), 
2 . The knitting machine carri age Vias positioned at the right-
hand end of the knitting beds a t the start of a ri ght- to-
left traverse , the carriage being set to open the latches 
of the front - bed knitting elements, a standard feature of 
the DRC 2 machine, 
3. The main and drawthread ya rn carriers were set at the right -
hand of the knitting zone, 
~ . The auxiliary tran sfer plough was set t o the left- hand end 
of the kn i tting zone, 
5. The card control system of the knitting machine was set to 
the correct card . 
In order to star t the automatic cycle, the machine clutch was 
engaged manual ly and the kn i tting carriage traversed f r om right-to-
left, opening the latches of the front - bed knitting elements and then 
returned left- to- r i ght to open the l a tches of the rear- bed knitting 
elements . During this part of the cycle , the left-hand extreme 
traverse sensor (e. t . s . ) was bypassed by a microswi tch on the cam-
shaft front control disc (see Pl ate 7.4) so t ha t two courses were 
completed before the camshaft motor was initiated . As the carriage 
reached the right- hand end of the bed , completing the left- to- right 
traverse, the right- hand extreme traverse sensor was triggered, t he 
carriage stopped and the camshaft mo t or started . During the first 
70 degr ees of camshaft mot i on (see Fi g 7 . 27) the t ake- down mechanism 
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was raised to its maximum position, so that the hooks of the take-
down elements protruded through the gap between the two knitting 
beds. Once the take-down cam r eached maximum lift, a flag located 
on the periphery of the control disc Signal led the camshaft to stop 
and the machine carriage to start. Nhen the carriage had reached the 
end of its previous stroke, a t the right-hand end of the machine , the 
knitting functions had been selected for the next two courses; thus , 
traversing from right-ta-left, the carriage picked up the drawthread 
yarn carri er and knitted on the f r ont bed only using the first system 
of knitting cam s . The yarn was thus drawn around the t ake- down 
elements by the front - bed knitting elements (see Section 7.1 . 1). 
Reaching the left-hand end of the machine , the carriage operated the 
left-hand e.t.s., stopp ing the carriage and initia ting th e camshaft 
motor. The camshaft rotated through a few degrees , low ering the 
take-do~~ elements to impart a slight tension in the drawthread yarn, 
unti l the next flag on the control disc signalled the camshaft motor 
to stop and the carriage to start . Traversing from left-to-right, 
the drawthread was knitted by the front-bed knitting elements, the 
drawthread yarn carrier being released at the right-hand end of the 
kni tting zone, the carriage continuing to the right to operate the 
right-hand e.t.s. This stopped the carriage and indexed the camshaft 
to the next fl ag thereby adding to the t ake- down tension. 
The drawthread courses had now been completed and , as the 
carriage was started again , the first main yarn carrier was collected 
and, knitting on all needles with the first system of knitting cams, 
the set-up course was formed. Reaching the left-hand end of the 
machine , the carriage again initiated an index of th e camshaft via 
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the e . t . s. to apply further t ake- down tension to the fabric . 
Returning from left- to-right , one course of the tubular welt of 
the r ib was knitted on the f r on t bed needles only fo l lowed by a 
further tensi on increase as the carriage again initiated an index 
of the camshaft via the right- hand e . t . s . As t he carriage traversed 
to the left again a tubular course was kni tted on the back bed 
elements only . Two more courses of tubular knitting were made , 
one on each bed, during the next two traverses of the carriage. 
At the left- hand end of the mach i ne, the carriage initiated the 
final increment of the take- down weight and , as the carriage 
t r avers ed to the r ight , the first rib course was knitted . 
After the carriage reached the right-hand e.t . s ., the carriage 
was again stopped and the camshaft indexed to exert f ul l take-down 
tension to the rib. Once the t ake - down cam had reached its minimum 
displacement position , the camshaft was stopped and the carriage 
was sta rted by a flag on the main contro l disc. A microswitch 
op er a ted by the front control dis c i solated th e e.t . s. s' at this 
camshaft position , thereby enabling a multiplicity of courses t o be 
knitted without indexing the camshaft. Control of the system at 
this stage of the cycle was passed to the knitting machine ' s card 
saver drum . This enabled the required number of courses t o be s et 
to produce a r ib of t he desired depth (see Section 7 . 3.1). On 
completion of the required number of courses, exit from this 
closed loop was made by the two pegs on the drum . The first peg 
indexed the machine cont rol cards out of the loop and into the 
pre- transfer preparation cours es. During these preparation courses, 
the loops formed on the rear- bed knitting elements were transferred 
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to the front - bed elements using the standard trans fer facility of 
the DRC 2 . The knitting was programmed so that a final slack 
course was knitted on the front - bed to leave one loop only on 
each knitting element for trans fer to the take - off elements . This 
course was made with the carriage traversing to the ri gh t to leave 
all yarn carriers at the right- hand end of the knitting zone . The 
second peg of the card saver drum was set to place the e.t . s . s' 
back in circuit as the carriage reached the right- hand end of the 
machine , thus initiating the camshaf t motor and stopping th e 
carriage . The camshaft rotated t o the next flag on the main 
control disc , allowing the front bed of the machine t o drop and 
releas ing the microswitch on the front control disc to reactivate 
the two e . t . s . s'. The carriage was then traversed to the left with 
the first system in the knitting mode but with no yarn carrier engaged, 
thus setting u p the loops for trans fer to the take- off elements (see 
Plate 7 . 5 and Section 7 . 1 . 2) . On reaching the left- hand e . t . s . the 
carriage stopped and initiated the camsha ft motor, causing the take-
off mechanism to raise the take- off elements to their upper height 
adjacent to the front- bed knitting elements (see Pl ate 7 . 6) , then 
operating the bed- dr op mechanism to r aise the front-bed to engage 
the knitti ng elements with the take- off elements (see Plate 7 . 7 and 
7 . S) . A flag on the main contr ol disc then stopped the camshaft 
motor and started the carriage . Traversing to the right, the 
carriage collec·ted the auxilia ry transfer cam, moun ted on a yarn 
carrier , and transfer red the loops to the take- off e lements . On 
reaching the right- hand end of the machine , the e . t . s . stopped the 
carriage and i n i t iated the camshaf t motor to complete the rest of 
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the transfer cycle. The front-bed was dr opped to a llow the take-
off mechanism to descend to the lower trans fer position . The 
magazine ba r and elements were then engaged with the t ake- off 
elements ( see Pl ates 7.9 and 7. 10) and the main yarns clamped 
a nd cut . 1.loving forwa r d from the rear of the machine , the sweep-
off mechan ism transferred the loops f r om the tak e- off elements to 
the magaz ine bar elements . As the l oops were pushed along the 
magazine ba r elements , the pre ss- off bar was pivoted over the t op 
of the t ake- down hooks to di s engage the drawt hread yarn . The 
mechani sms were then all retracted to their waiting positions as 
the camshaf t completed its cycle of operations (see Plate 7 .11). 
When the flag a t the zero position on the main cam control dis c 
stopped the camshaf t and restarted t he car riage, the cycle of 
operations was r epeated, starting with the two latch opening courses , 
the auxiliary transfer cam being returned to the l eft - hand end of 
the knitting zone as t he carri age trav ersed left . 
Rib length was contr olled solely by the position of the pegs 
on the card saver drum of th e DRC 2 and a range of rib lengths from 
25 to 150mm was possible . 
7 . 4 Assessment of the Mark II System 
In comparison wi th the I,lark I system, the Mark 11 represen ted 
a number of signifi can t advances . The Mar k I system had been a 
test rig upon which to test various elemen ts and mechanisms but, 
because of the increased bed length of t he Mark II machine , a 
considerable amount of redesign was necessary in or de r to achieve 
the r equ ired accuracy of mo tion . Th e developmen t of an improved 
method of loop transfer greatly increased the r eliab ility of the 
system , even to the extent of allowing the machine to run on the 
automatic cycle virtually unattended. This enabled the machine to 
operate over an extended period under simulated pzoduction conditions, 
it being observed by a knitter provided by the co- opera ting firm, 
Corah Ltd . 
The test s highlighted the hi gh r el i ability of the s ystem , the 
elements requiring l ittle or no adjus tment t o achieve perfect trans fer . 
However , one or two of the system's func t ions did appear to require 
furth er dev elopmen t in order to fulfil the rigorous demands of an 
industria l environment :-
i) The s weep- off mechan ism showed a tendency to j am as the 
loops were l i ft ed around th e hooks of the t ak e- off el ements . Thi s 
was due to the design of the me chani s m and it would have t o be 
elimina ted from any produc tion machine (rr.ark III) . 
ii) As the t ake- off elements descended , foll ow.ing the trans fer 
from the knitting elements, the tension in the main yarns still 
attached to the machine occas i onally caused the loops on the t ak e-
off bar to b e pUlled to the t op of the take- off elements, thereby 
resulting in a poor transfer of these loops to the magazine bar 
elements. A method of preventing this would need to be devised for 
the production machine . 
iii) The control system, although causing no r eal problems , was 
not as simple to use as could be desired . The development of a more 
' user- friendly ' system would be preferable for a production ma chine . 
An improved method of controlling the knitting carriage was con-
sidered essentia l because the mechanical clutch system of the DRC 2 
was not designed for Cl) ntinuous stop- start operation . 
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The overall success of t his machine howeve r prompted Corah Ltd . 
to enter into an agreement with a local firm of ma chine bu ilders , 
Jo r dan , Lovatiand Jone s Ltd. , of Leiceste r , to develop th e s y s tem , 
in conjuncti on with the un i v e r sity inventors , t o the p roduction 
pr o totype stage. The Prototype (M a rk III) ART System i s described 
in Chapter 8 . 
NOTE. 
Th e s low r o t a t ional speed of the c amst5~: (4 r . p . m. ) durin g 
the rib transfe r sequ ence enabled simply ge~ ~ ~at ed ca~ pro fi l es 
to be u sed in the ART mach ine . Complex cam l E~ s a re required t o 
minim i se the changes o f acceler at i on in hig~ - speed cam - o perated 
sy s tems , but i n the Case o f the ART machine E simple sine l aw 
was u sed to generate th e cam pr o fil es . 
ORe - 2 knitting element 
Sweep-off element 
Magazine bar elements 
J 
Take - off elements 
, 
Take-down element 
Plat e 7 · 1 
The elements of the Mark II machine . 
Plate 7 · 2 
Front elevat ion of Mark II machine showing the cam box (on the left) . 
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Schematic layout of elements at upper transfer position . 
Plate 7 · 9 
Schematic layout of elements at lower transfer posit ion . 
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CHAPTER 8 
THE PRODUCTION PROTOTYPE ART SYSTEM UI~ARK Ill) 
The development of the Mar k 11 machine enabled t he vari ous 
elements and mechanisms of the ART system to be optimi s ed to 
provide a re liable method of rib transfer . Although con s ideration 
was given to economy of design on the Mark 11 machine , the basic 
aim was to devise a workable s y s tem . Certain o f the mechanisms , 
for exampl e the sweep- off mech anism , required redesigning in order 
to improve their me t hods of operation and eas e o f a d justment whilst 
r educing production costs . Th e machine selected as a base f o r t he 
~~ark II I system was again a llubied DRC 2 p r ovided by Corah Ltd . , 
but wi th a pitch of 5:nm rather than the 2 . 5mm of the Mark 11 machine. 
This p itch Vias chosen because it was th e gauge of most of the fully-
fashioned production machinery at the Corah factory. 
The interaction of the element s was to be identical to t he 
Mark 11 machine , but the mechanisms and control system were to b e 
' value engineered ' to reduce cos ts wherever pos s ible whil s t retaining 
or improving reliability. 
8.1 Elemen ts 
The elements developed for the !.lar k 11 s ystem had proved the ir 
reliabil i ty during extensive t ests and were therefore gener a lly 
scaled- up to form the !.lark III elements where an increase in size 
was required to match the larger knitting elements of the 5mm pitch 
ma chine. These elements , as with those for the Mark 11 machine , 
were made to the author ' s designs by a f i rm of specialist nee dle 
manufacturers, namely T . Grieve & Co . Ltd ., Coalville, Leicestershire . 
----- ---------
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8 . 1.1 Take- down Elements and Press- off Bar 
As with the !,~ark 11 system , the take- down hooks used for the 
Mark I I I machine were commer cially available elements as used on 
au~omatic rib t r ansfer machines of corresponding gauge . These 
elements were mounted in trick- cut bars at a pi tch of 5mm , one bar 
b eing attached to the take - down carriage on either side of the 
central guide pillar. The mountings for the press- off bar and i ts 
operating mechanisms were incorporat ed in the end castings of t he 
attachment , and the ~hod of operation of the elements was identical 
to that described in Section 7 . 1 . 1 . 
8 . 1 . 2 Take- off Elements 
The greater pi tch of the Hark III machine required a scaling 
up of t h e take- off elements to match the ' 5mm gauge knitting 
elements . In order to aid location during their production , fl a ts 
were provided on the shank of each element (See Fig 8 . 1) , these 
also ass isting the location of the elements in the take- off bar . 
The take- off bars and their elements Vlere mOUlited on the take- off 
carriage, one being situat ed on either side of the central guide 
pillar . The method of oper ation of the take- off elements was 
i dentical to that descr ibed in Section 7 . 1 . 2. 
8 .1. 3 Knitting Elements 
As with the l.~ark II machine , the kni tting elements used on 
t he Mark 111 machine were standard Dubied l a tch needles incorporating 
a ' cut- out ' to enable bed- to- bed loop trans fer . No modifications 
were made up to these elements and t he method of operation was again 
identical t o that previously described in Section 7.1.2 . 
Retaini ng / 
Barb 
Locat i ng _______ 
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Fig. 8.1 The Tak e- o ff Elem en t 
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Fig. 8 .2 Th e Maga zine Bar Elem en t 
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Fi g . 8 . 3 The Swe e p- o ff Element 
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8 .1 . 4 !.lagazine Bar El emen ts 
The magaz ine bar elements, like the take- off elements of the 
Mark III machine were effectively scaled- u p versions of the Mark 11 
elements , t hese again being specially manufactured by T. Gri eve an d 
Co. Ltd . to the author ' s de s igns. Because of the increased sizes 
of both the t ake- off and magazine bar elements , it was necessary 
t o offse t t he points of th e magazine bar elements in order to ensure 
engagemen t of the t VlO elements at the lO'ller tran s fer posi tion 
(See Fig 8 . 2) 
8 . 1 . 5 Sweep- off Elements 
Al though the performance of the sw eep- off e lements of the 
J,'! ark II machine had been sati s f actory , problems with th e reliability 
of the mechanism nece s si ta ted s ome rede s ign work on the Mark III 
machine . The opportunity was -D.herefor e t aken t o mo dify th e prof il e 
of the sweep- off elements to gain maximum advantage fr om the new 
mechanism . Therefore, rather t han modi fying exis ting fully - fashioned 
dividing e l ements , elements were speci ally designed t o be produced by 
Mitchell and Co. Ltd . , Birmingham (See Fig 8 . 3) . 
8 . 2 Motions and Mechanisms 
The aim of the Viork Vi as to develop a 'bolt- on ' mechanism 
sui t able for fitment .to a r ange of ' V'-bed knitting machines t o 
facilitate t he automatic transfer of r ib trims t o a magaz ine bar . 
In order to simplify the fitting of such a mechanism, the number of 
at t achment po i nts Vias r edu ced to a min imum. It was decided to moun t 
a l l the mechanisms on a sub- frame which cou l d then be attached to a 
variety of types of knit t ing machine. A simple eight- sec ti on frame 
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was devi sed to carry the ma in cam- b ox and the main mechan i sm 
(See Fig 8 . 4), thus fixing the interrelationships b e tween the 
mechanisms and remov i ng the need· f or precise a d justments and 
settings . Considerati on of the possible simplification of the 
oper ating mechanisms l ed to the adop ti on of cable drives where 
practicable. 
8 . 2 .1 The Tak e- down l',j echanism (Incorpora ting the Pr ess- off Mechanism ) 
The Mark 11 t ake-down system had proved both accurate and 
reliable and therefore it fo rmed the basis for the design of the 
Mark III system . ~lain linear cas t iron guides were prov ided a t 
each end of t he machine , these castings also incor po r a ting the t ake-
off guides and pr ess- off bar moun tings . The cas t ings were attached 
to the upper and 10 Vle r cross- beams situated a t either end of the 
machine . The two main operating bell crank links were reposit i oned , 
the ri ght hand link being inverted t o decrease the cros s - link len gth 
(See Fig 8.5) . As with the /.l2. r k 11 system, the motive power and 
control of the mechanism came fr om a cam/follower arrangement . 
Axi a l location was again obt a ined from a central guide bar in-
corporating an adjustable s top to t ake the weight of th e t ake-
down mechanism at the lower transfer po int . A collapsible link 
was not incorporated in the Ma r k III machine b<;lcause th e gradual , 
controlled descent of the mechanism did not cause any severe impac t 
by the follow er on to the cam surface. The cycle of operat ion of 
the system is described in Section 8 . 3. 
The press- off mechanism was identical to ' that of the Mark 11 
machine and was operated by a cam and follower but the drive was 
transmitted vi a a cable and s pring system (See Fig . 8 . 6 ). 
DRe-
4&=..,6 .. . 6 
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Fig . 8. 4 The Eight - sec t i on Main Frame 
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Fig. 8 . 6 The Press-o ff Mechanism 
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8 . 2 . 2 The Take- off Mechanism 
As with the mechanism for take- down , that for take- off remained 
virtually unchanged from the I.lark II system . Lateral guidance was 
from the plain linear sl i deways in the specia l end- castings , the 
axial loca tion being from a central guide pillar . Vertical location 
was by a system of cross - linked bellcranks similar to that us ed with 
th e take- do\'m mechanism. The rigidity of this cross - linking enabled 
a single lower stop to be provided on the cen tral guide pillar , as 
with the t ake- down mechanism . Control was effected vi a a cam/f oll ovler 
s ys tem similar to the t:'ark 11 machine . 
8 . 2 . 3 The ).la gazine Bar I.i echanis m 
The linear slides and bell crank system u s ed on the Mark 11 
machine had proved effective but these were complex and relatively 
cos tly to manufacture . Consideration was given t o the e,ssen tial 
characteristics of the required mot i on and it was found that the se 
could be satisfied by the use of a f our-ba r linkage (See Fig 8.7) . 
Motive power to operate the mechanism was transmitted fro m the 
follower of the controlling cam via a system of pulleys and control 
wires , the sys tem being tension ed by a return spring. 
The magazine bars themselves were again located by dowel pins 
and retained by 'quarter turn ' ' Camloc ' fastenings . Four bars were 
provided, two being located on the mechanism , so as t o be filled by 
the machine , with two empty bars being held in r eserve; as each 
machine- located bar was filled , it was replaced by its r eserve . 
The ribs could then be transferred to fully- fashioned machine bars, 
the then empty bars being returned to the machine for reloading . 
The operating cycle is described in Section 8 . 3. 
Fr ame 
Maga zine 
Bar 
----C:-:=l-!Tf·-::J 
11' . 
',I ~:.::J 
Fig. 8. 7 The Magazi ne Bar Mec hani sm 
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8 . 2.4 The Sweep- off Mechanism 
Some problems had been found with the operation of the sweep- off 
mechan i sm on the Mark 11 machin e in that it required precise set ting 
in order to function correctly . The Mark III sweep- off mechanism 
was redesie;-n ed t o eliminate this short coming by providing two mot i on 
inputs , one for each axis of movemen t. A four- bar pivotin& l inkage 
was u sed t o control the main componen t of motion l a t erally acros s 
the machine , with an e ccentric bush i n the lower f r ont pivot 
prov i ding a superimposed vertical motion component ( See Fig 8 . 8) . 
The s weep- off bars were -supported at either end of the machine by 
the linkage systems and were driven by two cams , one for each 
componen t of t he motion , through a system of control wires , pulleys 
and tensioning springs . Thus th e elements could be moved forwards 
to engage the yarn loops of the rib below the ' barbs ' on the t ake-
off elements , actuated by the late ral motion cam . Then, duri ng a 
dwell on t hi s l atter cam , the vertical mo tion cam rai sed the sweep-
off elements t o the level of the magazine bar elements , by rotating 
the eccentric bushes , in readiness t o complete the trans f er. A 
dwell period on the vertical control cam main t a ined the s weep- off 
e lements a t this height whilst the l ateral motion cam drove the 
loops off the t ake- off elements and onto the magazine b ar elements, 
thereby completing the transfer . The mechani sm was then re trac t ed 
to its star t position . 
8 . 2 . 5 The Cu t - and- Clamp Mechanism 
The method of cl amp i ng and cut ting the yarn eventually devised 
for the !.lar k 11 machine was of the ' scissor ' type as described in 
Secti on 7 . 2 . 5 . This was the method adopt ed for the Mark III machine . 
Sweep- of f 
Bar 
E'ccentric Frame 
Fig. 8. 8 Th e Sw e ep- o ff Mechanis m 
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The ' sciss ors ' were adju s tably mounted on a bar attached to the 
magazine bar mechanism (See Fig 8 . 9) su ch that the 'umbil ical ' 
yarns , from the rib to the yarn carriers of the machine , were 
col l ected into the j aws of th e device as the magazine bar elements 
came in to en gagemen t wi t h the take - off elements . The j aws were 
then closed , trapping and severin g th e ya rn s a ttached to the r i b . 
These yarn s were retained by the cut-and- clamp mechanism until t he 
firet few courses of the subs equ ent rib had b een knitted . In order 
to pr event the ribs f r om having long ' tails ' of yarn attached to 
the wel t, · ' burner' wires- we r e mounted on th e t a ke- do.m bars . Th ese 
were opera t ed when the fir s t s ix cou r ses of th e subs equent ri b had 
been knitted, thereby tri~~in g the yarn t ~ il s to an a ccept abl e 
l ength (See Fig 8 . 10) . Th e ' burner ' was t r i ggered by a micro switch 
activa ted from an auxiliary cam mounted on the side of the sweep- off 
cam, a timer being included in the circuit t o prevent ov erh eat i ng of 
the wire . Once the yarns had been 'bUrned ', the ja,,:s of the cu t - and-
clamp units were opened to release the remainder of the yarn . 
8 . 2.6 The Bed - drop Mechanism 
The combined system of lowering and shogging the bed of the 
Mark 11 machine had proved its reliability and therefore an identical 
sys tem was used for the /.lark III machine . A cam/follower/cable 
system was used to control the front bed of the machine as described 
in Section 7 . 2 . 6 . 
8 . 2 . 7 The Press- off l.l echanism 
The construction of the press- off mechanism on the Mark III 
machine was similar to that of the Mark 11 machine . It comprised 
a st eel sheet formed as shown in Fig 8 . 6 and mounted on a rotatable 
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bar . Pivots for the bar were adjustably attached at either end to 
the castings which carried the take- down and take- off guides . The 
mechanism was operated by a cam and follower acting through a bowden 
cable against a return spring . 
8 . 2 . 8 The Yarn Tension Control Mechanism 
During the descent of the take- off mechanism subsequent to the 
transfer of a rib to the take- off bar , there were occasions with the 
Mark 11 machine Vlhen the yarn tension system pulled th e last few 
loops of the rib towards the top of the take- off elements (See 
Fig 8 . 11) . In order to preve t this occurance wi th the /.lark III 
machine , a method of reducing the yarn tension immediately after 
loop transfer was required . This was achieved by building an 
additional yarn reservoir into the yarn feed system comprising 
two auxiliary carriages mounted on rai ls , one being fixed at each 
end of the yarn carrier rai ls . These were connected to the take-
down carriage by cables which were tens i oned by a dead- weight 
attached via other cables t o the opposite ends of the auxiliary 
carriages (See Fig 8 .12). Thus , as the t ake- dovm carriage descended , 
the two auxiliary carri ages were dr awn inwards towards the centr e of 
the machine , and , as the t ake- dovm carriage ascended, the auxiliary 
carriages were drawn outwards by the weights . By suitably positioning 
the yarn guides , it wa s possible to draw extra yarn into the system 
as the t ake- do'lm carriage ascended , and , to release this yarn as the 
t ake- down carriage descended . This prevented the loops from being 
pulled off the t ake- off ele~ents by excessive yarn tension as the 
take- off bar descended f ollowing rib transfer. 
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8 . 3 Control Sys tem and Operating Cycle 
The basic control ph ilosophy adopted on the I·!ark III machine 
was the same as that on the Mar k 11 machine , namely a cam and cam-
shaf t s ystem t o con trol the trans f er functi ons , t his being int er -
l ocked with the s tandard controls of the knitting machine . De t a iled 
modi fic a tions were mad e t o the methods of s ensing . The control 
system u t ilieed sol i d state logic . An electromagne tic clutch and 
brake were u sed to contr ol the knitting machine carriage with better 
reliability t han the s t andard mechanical unit supplied with the 
Dubied DRC2 machin e ( See 8 . 3 .1). 
8 . 3 .1 The Control System 
The Mark 11 control system had proved adequate in performance 
(See Section 7.3) but the opportunity was t aken t o update and improve 
the con trol sys tem during the design stage of th e Mark III machine. 
Al t hou gh the optical sensors us ed on the Mark 11 machine had 
functioned f au ltless ly , it was t hough t desirable to elim ina te the 
possibility of contaminat i on of these devices by dus t, oil and f l uff, 
and therefore t hey were rep l aced by ' Hall effect ' switches . Thes e 
solid sta te se~iconductor swi t ches a re ac tua t ed by the presence of 
a magnetic fiel d and a re therefore unaff ected by such possible 
contaminants . The ' flags ' on the main camshaft control d i s c were 
replaced by small adjustably mounted magnets actuating a ' Hall 
effect ' devi ce . An auxiliary device was provided as a datum mark 
in the machine cycle , operat ed by another magnet mounted offset on 
the contol disc . In order t o pr oduce a variable, incremen tal t ak e-
down tension over the f i r s t fev: courses of knitting , a ' Hal l effect ' 
s wi tch was mounted adjacent to the camshaft gearbox input shaft. 
153 
o Two magnets attached t o the shaft , 180 apart , tri ggered the devi ce 
twic e each revolution . By switching on the camshaft motor and 
counting a programmable number of pu l ses before s topping it , an 
accurate and adjustable increase in t ake- dovm t ension could be 
achieved . A seri es of s i x such increments was provi ded for the 
firs t six courses of knitting . 
The Illark 11 machine had used the mechanical clutch and brake 
unit of the Dubied DRC 2 knitting mach ine , a unit designed for 
int er mit t ent operation only . Therefore the ;,~ark III machine wa s 
fitt ed with an electromagneti c clutch and brake unit r eplacin g tte 
mechanical one of the DRC 2 . This u prated syst em enabled f~s ter 
and more posi tive SVli tching fr om camshaft to machine control and 
vice vers a . In order to reduce th e s ize of th e unit needed , th e 
knitting machine drive motor and associated clutch ','ler e combined 
as a single assemb ly and mounted a t the right- hand end of t he 
machine . The drive was transmit ted through a speed- r educing 
' V'-belt sys tem to the main dri v e pulley of the kn i tting machine . 
An electromagnetic brake was mounted within the centre of t his 
large diame t er pulley . 
Certain of the me chanisms of the Mar k III machine were modified 
as described in Section 8 . 2 to improve their performance and t o 
reduce manufac turing cost . The use of cable drives facilit a t ed 
the simplification of some of the cumbersom e bellc rank drive trains 
devised for the Mark II machine , bias springs being u~ ed to te~sion 
the cable system s . 
The functioning of the control system i s best desc r ibed by 
considering the operating cycle of th e machine . The bns ic trans f er 
sequence i s controlled f r om th e timing disc on th e camshaft . Dur i ng 
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Tabl e 8 .1 
Cycle of Kni tting Operations 
Operation 
Latch Opening Course 
Latch Op ening Course 
1s t. 'Hook-up ' Course (Front Bed) 
2nd . 'Hook-up ' Course (Back Bed) 
Set- up Cour se (Both Beds) 
1st . Tubul ar Course (Front Bed) 
2nd . Tubul ar Course (Back Bed) 
3r d . Tubular Course (Front Bed) 
4th. Tubular Course (Back Bed) 
1st . Rib Course Single System 
2nd . Rib Cour se Single System 
3rd . Rib Course Single System 
4th . & 5th. Rib Courses Double System 
Subsequent Rib Courses Doubl e System 
Final Rib Course Singl e System 
Carriage Traverse ( 'Dummy Course') 
Trans fer All Stitches t o Front Bed 
Sl ack Course (Fron t Bed ) 
Set Needles For Rib Transfer 
Transfer Loops to Take- o ff Hooks 
Trav ers e Auxiliary Trans f er 
Traverse Auxiliary Trans fer 
T 10 courses per minu t e 
~ 28 courses per minut e 
Cam 
Cam 
Speed Direction Control 
Slow t • 
Slow .. 
Slow 
-
Slow • ART 
Slow Cambox 
Slow ~ 
Slow 
Sl ow .. 
Slow .. 
Slow • 
Fast lit DRC 2 
Fast .. Card-
Fast Saver 
Dr um 
Fast • • 
Slow 
Slow • 
Slow .. 
Slow .. ART 
Cambo x 
Slow 
-
Slow .. 
Sl ow • 
Slow • 
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the knitting of the bulk of the rib, follov:ing the completion of 
the first nine ' set- up ' cours es and prior to the transfer operations , 
the control is passed to the control drum of the knitting machine 
(See Section 7. 3) . 
9 . 3 . 2 The Ouerating Cycle 
The operating cycle of the Mark III machine Vias based on that 
of the Mark 11 machine (See Section 7 . 3 ) . Control was derived from 
a timing disc located on th e front end of the camshaft upon which 
were mounted adjustable magn etic triggers to operate the ' RaIl 
ef fect ' position sensors . The sy~tem is best described by con-
sidering one cycle of operation in conjunction with the cycle of 
operation (Pig 8 . 13) . and the cycle ~ ~ knitting oper ations 
(Tabl e 8. 1) . 
At the initiation of the machine cycle , the foll owing conditions 
a re set :-
(i) All mechan isms at zero displacemen t ' (camshaft at zero); 
(ii) the kni ttin& machine carriage positioned at the r ight-hand 
end of the knitting beds at the start of a right- to- left 
t r averse , the carriage being set to open the latches of 
t he f r ont-bed knitting elements , thi s being a standard 
feature of t he DRC 2 machine; 
(iii) the main and draw thread yarn carriers se t at the right-
hand end of the knitting zone; 
(iv) the auxiliary transfer plough set to the left- hand end of 
the knitting zone ; and 
(v) the card contr ol system of the knitting machine set to 
read t he i nit ial car d of the sequen ce . 
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In order t o s tart the automatic cycle , the knitting machin p. 
clutch is engaged by pr essing the manual start button , thereby 
energising the electromagnetic clutch . The carri age traverses 
to the left-h and end of the machine opening the front bed ne ed le 
l atch es , then returns from left-to-ri ght to open the rear-bed 
nee dle latches . At this staGe of t he cycle , t he left- hand extreme 
traverse s ensor (e . t.s. ) is isolated by the con trol sy stem . At the 
start of each rib it i s necessary t o open the l a tche s of all of the 
knitting elements after al l the knitted loops of the previous r ib 
have been transferred , thu s leaving no ya rn loops to operate th e 
latches . 
On r each i ng the ri ght- hand e .t. s . , the clutch i s released , 
the brake i s energised , and a signal i s sent t o start the camshaft 
mo tor. The camshaf t r ot a te s to r aise the t ake - down carriage and 
elements into the knitting zone i n pr eparation fo r the drawthread 
course . As the take- down carriage reache s maximum he i ght , a timing 
disc ' flag ' signals the camshaft motor to stop , activa tes the fine 
control sensor , and s ignals the carriage drive t o start . The 
carriage then traverses from righ t -to- left , the carriage control 
cards of the DRC 2 havin g se lected th e drawthread yarn carrier and 
the front- bed knit ting cams on the firs t kni tt i ng system . Reaching 
the left hand e.t . s ., now activated by the control system, the 
carriage drive is disengaged and the camshaft motor started . The 
take- down carriage is lowered until the fine control sensor r eceives 
a preset number of pulses , this position being set to provide a s light 
tension on the yarn loops of the first drawthr ead course . For t his 
index of the camshaft and th e subsequent five indices , the degree of 
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rotation i s governed by the number of pulses counted by the fine 
control sensor . The number of pulses to be counted f or each index 
is input into the contr ol system via preset swi tches, up to a 
maximum of fifte en pulses per index . 'l'he t ake- down cam is pr ofiled 
over thi s segmen t to give a gr adual f all of the take- down carri age . 
Returning from left- t a - ri gh t, the second draw thread cours e i s 
kni tted on the front - bed needles only . I'/hen the carriage reaches 
the right- hand e . t . s . , the carriage dri ve is disengaged and the 
camshaft motor started , t hereby applying further t ension to the 
yarn loops via the fine contr ol sensor . 
The main yarn carri er is now selected by the DRC 2 contr ol cards 
and kn itted on both f r ont and rear beds as th e carriage travers es 
from right- ta- left using one system of knitting cams . Thi 5 forms 
the se t-up or welt course of the rib . On reaching the left- hand 
end of the machine, the carriage i s again stopped and the camshaft 
is indexed t o maintain th e tension on the rib . Having counted the 
correc t number of pulses f r om the fine control sensor, the con t r ol 
system stops th e camshaft motor and restarts the main drive system . 
The carri age re t urns f r om l eft- ta- r ight , knit ting the fir s t of four 
tubular knitting courses , t wo on each of the beds, t he cams ha f t 
being indexed by the fine control s en sor after each course ( See 
Tabl e 8 . 1 ) . 
Following the fourth tubular course , the camshaft is indexed 
out of the fine contr ol sequence , the take- down carriage being 
allowed to exert its full weight on the rib . During this index 
of the camshaf t , the burners on the take- down carriage a re operated 
to t r im the excess yar n f r om the start of the r ib . The contr ol of 
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the machine i s now switched to the card saver drum of the DRC 2 as 
described in Section 7 . 3 , th e number of courses being set to provide 
the required rib length . The first three courses of this sequence 
are knitted single system before engaging the second system of 
knittin g cams and yarn carriers . The main drive motor of the DRC 2 
machine h::s two output speeds, fast and slow . Slow speed is u sed 
for all set- up and transfer courses , the fast speed only being u s ed 
for kni tting the last tv;o single system courses and all double system 
cour ses (See Table 8 . 1) . 
Once the r equ ired number of courses have been knitted t o produce 
the correct length of rib, the first peg on the card saver drum 
indexes th e card pri sm out of its repeat function and th e transfer 
sequence is initiated ( See Section 7.3 . 2) . 
The machine control cards are set to produce the following 
sequence of operations . A course of single- system knitting is 
formed with the carriage traversing from right- ta- left . The yarn 
carrier i s then parked at the left-hand end of the knitting zone 
whilst the carriage returns to the right- hand end without actuating 
the knitting elements . A ' dummy ' course is necessary to position 
the yar n carrier in preparation for the knitting of the slack course . 
This follows the subsequent right- to- l ef t traver se of the carriage 
during which the front bed is ' shogged ' by a ha lf- pitch to receive 
the knitted loops from the r ear bed knitting elements . The slack 
cours e is then knitted as the carriage returns to the right- hand 
end of the machine where the right- hand e . t . s . has been activated 
by the second peg in the card saver drum . This stops the carriage 
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and initiates the camshaft motor . The camshaf t indexes to the 
next stop on the control disc, lowering the front - bed ready to 
se t - u p the knitted loops for trans fer to the t ake- off elements. 
As the camshaft stops , the carriage i s started and traver ses 
from right- t a - left with the first system front - bed knitting cams 
in the knit position , thereby positioning the yarn loops on the 
knitting elements ready for transf er to the t ake- off elements 
(See Section 7 . 2 . 2) . The left- hand e.t . s . then stops the carriage 
and starts the camshaft moto r , thereby causing the take-off 
mechanism to raise the take- off elements into posi tion adjacen t 
to the front - bed knitting elements i n the knitting zone and r aising 
the front - bed to engage th e two se t s of elements. The next ;>os i ti on 
sensor on the camshaft control disc then s tops the camshaft motor 
and starts the carri age moving from left- to- right, with the kni tting 
cams out of action , thus causing the knitted loops to be t~ansferred 
from the knitting elements to the t ake-off elements ( See Sec tion 7 . 2.2). 
As th e carriage traverses the machine for the transfer course, the 
au xiliary c am (or plough) is collected by the yarn carrier system 
to assist the movement of the yarn loops a round the ' hook ' of the 
t ake- off elements (See Fig', 7 . 7) . In orde r to ensure that all of 
the loops have dropped <to the retaining barbs of the t ake- off 
elements , two further passes of the carriage and transfer plough 
are made before the carriage is arrested at the right- hand end of 
the machine and the camshaft motor i s start ed by the r ight- hand e . t . s . 
As the camshaft rotates, the t ake-off and take- down carriages 
are lowered in unison to the lower transfer position and t he yarn 
tension i s r educed by the yarn tension contr ol mechanism. There 
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the magazine bar mechanism brings t he magazine bar elements into 
engagement with the take-off elements and positions the cut- and -
c l amp unit s over the trailing yarns a s the press - off mechanism 
concurrently r eleases th e we lt edge of the rib from th e t ake-do~~ 
elements . The sweep- off el ements a r e th en sequenti a l l y advanced , 
rai ~ ed , t hen advanced once more, to transfer the knitted l oops on 
to the magaz ine bar elements. Simultaneously, th e cut- and- clamp 
mechanism severs the yarns from the rib and r e t a ins the yarn ends 
attached t o the knitting machine . The magazine bar mechenism is 
then r e tu r ned t o it s r es t position and the camshaft rese t s to it s 
ze r o poin t wi t h all mechanisms retrac ted . This cycle of operations 
is repeated until t h e required number of ribs has been knitted . 
When this has been attained, the cycl e is s topped prior to the 
machine entering the main knitting phase and a ' bar full ' indica tor 
is activated . 
The control cycle also has a ' single step ' facility which 
allows the machine to be indexed through its cycle of opera ti ons 
one step at a time . Each time the ' single step ' button is pressed 
the camshaft indexes t o the next s top, thereby enab l i ng the cycle 
to be checked and adjustments to be made . 
8 . 4 Asses s ment of the Mark III Prototype Machine 
The Mark III prototype was the first ver s ion of the Loughborough 
ART machine to be run on site in the factory by production personnel . 
As such it was subjected t o the same opera t i ng conditions as the 
s tandard pr oduction ' V'-bed knitting machines and, subs equent to an 
initial period of f amiliarisation , it has been run on thre e shifts 
for five days per week . 
162 
Generally, the machine has run without fault, although 
an ini tial problem of magazine bar element engagement Vii t h the 
take- off elements at t he selvedge edge of the ribs had to be 
overcome . It Vias found tha t f ollowing th e tran s fer of a number 
of ribs to the magazine bar , the t ension from the selvedge loops 
of the ribs had a tendency to deflect th e l ast feVl magazine bar 
element s carrying the r ibs . This caused the magazine bar element s 
to miss the eyes of the t ake- off elements and thus selvedge loops 
were not transferred correctly . The problem has been s olved by 
attaching a series of guide fin ger s to the extreme ends of the 
s weep- off bars so that the sweep- off bars are now brought f cr\'!ard 
to the posi tion shown in Fig 8 . 14 t o engage these fingers between 
th e t ake- off elements before the ap proach of the magazine ba r s to 
the t ake- off bars . Vlh en the magazine ba r elements make their 
approach t hey are guided by the fingers into the eyes of the take-
off elements irrespective of any deflections caused by the build- up 
of ribs on the magazine bar . This problem had not been encountered 
on the finer gauge Mark 11 machine and t his is assumed to be 
because of the ex tra tension exerted by the coarser gauge of ribs 
kni tted on the Mark III machine . 
The elements of the Mark III machine have functioned well , 
needing little or no a ttention to maintain f ault-free tran sfers . 
Investigations a re still in progress to furthe r improve the act ion 
of the t ake- off elements by altering the profile of th e cr est of 
the element to a id progress of the yarn loops down to the yarn stop . 
If this can be achieved , it will remove the n eed to make three passes 
of the transfer plough following loop transfer to the take- off 
elements (See Chapter 10). 
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Although the price of the ART conversion has not yet been 
fixed , Corah Ltd . have predicted the pr oduc ti on rates of the machine 
t ogether with estimat es of the like l y l abour s avings . Taking as a 
base figure the production of 1000 dozen 9- gauge fully- f ashioned 
garment s per we ek , the produc t ion r equirements in t erms of machines 
and l abour are as f ollows : -
I,:anual Process : 
3 x l6- sec tions of fully- f ashioned pl ant + 3 knitt er s : 
4 DRC 2 ' V'-bed machines + 1 knitter ; 
5 runners- on ; 
2 dr awthreaders ; and 
1 service person 
ART Pr ocess : 
3 x l 6- sec tions of ful ly- fa sh ioned plant + 3 knitters ; 
5 ART ' V'-bed machines + 1 knitter; and 
1 r egauging unit (operated by the above- ment i oned ' V'-bed 
machine knitter) . 
This represents a labour saving of 8 people . At an av er age 
cost to the firm of £5 , 000 per person per annum (including 
incidentals ) the fi nancial saving i s appr oximately £40 , 000 per 
annum . The estimated cost of the conversion is £14,000 per 
machin e and thus the amortisation period would be well under two 
years . Pr oposed future impr ovements to the system should increase 
its pr oduction rate to match tha t of the standard ' V' -bed machines , 
thus r educing the payba ck period to abou t one year . 
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The above savings are only in terms of labour and do not 
include the benefits of the system in terms of increased space 
utilisation and reduced yarn consump tion . This latter point is 
highly signific ant since no waste cours es a re kni tt ed by the ART 
machine, thus obviating the current high wastage of costly yarn 
which has been th rough all the protracted processes of opening , 
carding, combing, drawing , spinning, winding and often dying . 
Further advantages exist such as the ability of the ART/regauging 
combination to distribute the yarn loops to any desired position 
on the fully - fashioned machine bar . Thus on cable s tyle s , a free 
ful l y-fashioned element can be left by suitably arranging the re-
gauging elements in order to a ccentuate the cable featur e . To 
perform this oper ation manually at the running- on stage of th e 
production process takes an extra 7 minutes per dozen above the 
standard time. 
The ini tial trials of the Mark III ART machine have prov ed 
its ab ility to improve the fully - fashioned process and to reduce 
production co s t s . Its nearest rivals cos t 25% more to purchase and 
a re some 35% t o 45% less productive (S ee Chapter 4) . 
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CHAPTER 9 
THE APPLICATIONS OF ART TO THE LINKING PROCESS 
During ful l y- fashioned garment manufacture, there are two staees 
involving loop transfer, the first being the transfer from ~ib-to­
plain knitting and the second, the process of loop- for- loop linking 
( see Section 1 . 2) . Loop-for- loop linking requires each knitted loop 
of a trim to be sewn or linked to the body of the garment. As t he 
kn i tt ed trims are normally produced on a 'V' - bed machine t he 
attachment of the Loughbor ough ART system to these machine s allows 
such trims to be stor ed on a magaz ine b ar, each loop b eing retai ned 
on a magazin e bar element . I t is then pos s ible to transfer thes e 
loops from the magazine bar points to the poin ts of a linking dial 
or t o a machine such as the Boehringer Autolinker (see Section 4 . 4) . 
9 .1 The Rela tionship of the ART Research to the Complementary Studies 
on Linking 
It was from the early studies into knitted garment linking that 
the potential of a simple inexpensive au tomatic rib tran sfer machine 
was first brought to light . A feasibility study into impr oving the 
labour intensive linking process was undertaken by Mr. J . E. Baker 
of the Department of Mechanical Engineering, Loughborough Uni versi ty 
of Technology in 1971, and this highlighted three areas for further 
investigation namely: -
(a) An ergonomic study of the linking proc e ss; 
(b) a study of the textile technology aspects of linking ; and 
(c) a study of methods of automating the linking proces s . 
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Under the auspices of a Science Resear ch Counci l research gr ant 
the inve s tigation s pr ogres sed t o a stage where it became evident 
that the automation of the linking process was t otally dependent 
upon the dev elopmen t of a prac t ical and inexpensive me t hod of auto -
matic rib transfer, and therefore resourCes were devoted t o this 
task. It was with the automa tion o f linking that the author was 
mainly involved and from whi ch evolved the Loughborough ART System. 
The ergonomic study of linking and the later work on automating the 
linking process forms the basis of a research thesis presently being 
prepared for submission by Mr. J . E . Baker (1) . 
9 . 2 Bar Feed i ng to Linking Machines 
The automa tic feeding of trims to a linking dial has two di s tinct 
stages . Firstly the t r im must be t aken from the knitting elements of 
the knitting machine to a poin t or magazine bar . This may be accompli s hed 
by the use of the Loughborough ART system , or by anyone of the auto-
matic rib transfer sys t ems on the marke t (see Sections 4.1 to 4 . 4) . Th e 
second stage i nvolves transferring the trim from th e magaz ine bar to the 
points of the linking dial or t o a linear linking system such as the 
Boehringer Au t ol inker. It was always the aim of the work at Loughborough 
to provi de economic solutions to the pr obl ems and to use as much of the 
existing plant as poss ible. Thus the automation of t he linking process 
concentrated upon the feedin g of trims to existing linking mach i ne s 
using simple "bolt- on" at t achments . A simple rack- and- pinion system 
was geared t o the linking dial drive to power the magazine ba r foward 
and a system of pl ou ghs and gui des trans f erred the trim f r om the 
magazine bar po ints to the poin ts of the linking dial . Further 
details will be contained in the thesis be'ing prepared by J . E. Baker (1). 
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An enquiry has already been received y the ART machine 
manufacturers Jordan, Lovatt and Jones Ltd . as to the possibility 
of providing ART machines to feed a linking system based on the 
Boehringer Autolinker principle . 
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CRAPTER 10 
PROPOSALS FOR FURTHER WORK 
The initial fi e l d trials of the ~Aark III pr o::uc tion prototype 
ART system in the industrial environment have been most promising . 
Following the preliminary f amil i arisation period, the machine has 
run on three shifts f or five days per week . Howeve r, as wi th any 
pr oduction machine, the r e i s a lways the continuing quest for 
increased productivity . The ART machine i s up to 25% less 
productive than the standard machine due to two una esirable 
f eatures of the ART proc ess , namely non - productive time due to 
the s topping of the knitting cycle during the peri ods of camshaf t 
rotation and also due to the i nsertion of ext r a ya....'rTl- less "dummy " 
courses in the ART knit ting cycle compared with the s tandard machine 
cycle . 
It is proposed to contr ol the final produc tion machines with 
a microprocessor-based system which will increase t he degree of 
control of the machine and enable the camshaf t and the knitting 
carriage to be run simultaneously at various stages of the cycle . 
Thi s feature would r emove the need to s top and start the knitting 
cycl e during th e initial s ix set - up courses and t hus reduce t he 
overall cycle time. A fu r ther means of reducing the cycle time 
is to increase the sp~ed of rota tion of the camshaft to it s maximum 
speed consistent with reliable transfer and this has yet to be 
determin ed . 
The ne ed to operate the auxiliary transfer pl ough for two 
extra courses adds to the number of non-productive courses . 
Sugges tions for further work in th is area are two- fold . Firstly , 
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alterations to the profile of the t ake-off elements to imurove th~ 
yarn path (Se e Fig 10 . 1) by bringing the crest of the element over 
the top of the verge t o allow the loops to s lip more eas i ly down to 
the reta ining barbs . Al t e rnativ ely , the front - bed could be raised 
above i ts normal position to force the loops over th e cres t of the 
t ake-off elemen ts, thereby i mitating the effect of the action of 
th e auxiliary transfer plough . 
Al though the cut- and- clamp mechanism of the 1.lark III machine 
is ef f ec tive in operation, it has been found to restrict access to 
the various mechani sms . Alternative methods of achieving thi s 
function sho1,l1d be inves t igated ; one possibility would be t o sweep 
all the ya rn s to a common point , thereby removing the ne ed to moun t 
th e cut- and- clamp mechanism in an adjustable manner . 
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CHAPTER 11 
THE NESD FOR GAUGE CHAJ, GING 
The terms of referen ce for t he Loughborough ART project 
required a system of automatic rib tran s fer to be deve l oped 
around exi s ting ' V'-bed knitting machi nes . Such a system , 
though providing an economic solution to the rib transfer problem , 
in itself r equi red the development of an extra device capable of 
re adil); changing th e gauge or pitch of ribs on a magazine bar, 
i . e . from th a t of the ' V'-bed knittin g machine to tha t of the 
strai ght bar knitting frame . Exi s ting commercially available 
automa tic rib transfer systems are pr oduced in gauges matching 
those of the str aigh t bar machines (Sections 4.1 t o 4. 4) and so 
do not requ ire such a regauging operat i on . Thi s however does 
limi t the type and bulk of yarn that may be knit ted. Most knit -
wear manufacturers using manual rib transfer as a means of loading 
rib s on to s tra i gh t bar machines produce these ribs on ' V'-bed 
machines of a coa r ser gauge than that of the strai ght bar ma chin es . 
The coar ser gauge ' V'-bed machines enable the u s e of a wi der range 
of yarns and produce a more elastic rib than the fine gauge machines 
ne cessar y for the automatic rib tran s fer systems described in 
Sec ti ons 4.1 to 4 . 4 . 
A gauge changing device is therefore not on ly a means of 
avoiding the need t o change the beds of existing ' V'-beds t o the 
gauge of the straigh t bar machines that they have to feed , but is a lso 
a method of r etaining the advan t ages of being able to u se a wide 
r ange of yarn s and t o produce a good, elastic rib . 
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11 . 1 Doubling, the Need and the Problems 
The main reason for producing garments with rib borders is that 
the rib structure is inherently more elastic than a plain knitted 
fabric . Wais t, cuff and neck bands of kni tted garment s require 
this elas ticity to prevent the edge s of the garment sagging and 
looking "baggy" . Al though the rib structure is naturally el as ti c 
this elasticity may be improved by doubling loops onto adjacent 
elements, either at the knitting s t age or during manual rib transfer 
as described in Section 1.3.3. 
During rib transfer it i s necessary to correct the loop 
distribution s o that adjacent e lements each carry a loop or 
doubled loops . The exi sting automatic machine s perform this 
function a s part of their opera ting cycle (5) ( see Section s 4 . 1 - 4 . 4) . 
However, with the Loughborough ART system it was proposed that the 
loops would be rearranged on to adjacent elements at the same time 
that the elements and l oops were "regauged", Le . changed from the 
gauge of the 'V'-bed knitting machine to tha t of the straight 
bar knitting frame . It was therefore necessa ry to develop a machine, 
and method of work to enable the ribs (automatically transferred t o 
a magazine bar on the ' V'-bed knitting machine at the gauge of that 
machine and with spaces caused by doublings) to be transferred to 
the magazine b ar of the straight bar machine at the gauge of that 
machine and wi th each element carrying a knitted loop or doubled 
loops . These requirements set the terms of reference for a separate 
investigation carried out by colleagues in the Department of 
Mechanical Engineering at Loughborough Univers ity of Technology 
to design and manufacture a "re'gauging and doubling" device to 
complement the Loughbor ough ART system. 
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11 . 2 The Loughborough Gauge Changing Device 
One of the major factors influencing the design of this device , 
apar t from the requirements stated in the terms of reference, was 
the produc tivity of the system. A ' V'-bed knitting machine is 
capable of knitting and loading 16 ribs onto a magazine bar approximately 
every 30 minutes (us ing the Loughborough ART system) depending u pon 
length of rib knitted . However it was envisaged that one operator 
should be able to run up to six machines at a . time which would mean 
that at most he Vlould have no more than five minutes to perform the 
follo"ing operations: -
(i) Unload the full magazine bars from 'V '-bed mach ine; 
(ii) place empty magazine bars in ' V' - bed machine and reset 
tha t machi n e ; 
(iii) place the full bars , one at a time, on to ~he regauging 
device along with an empty fUlly- fashioned machine 
magazine bar; 
(iv) operate the regauging device; and 
(v) remove and stack both bars, and reset the device . 
From t he above l i st of operations, the actu al time available 
for regauging is of the order of one to two minutes. Such a time 
factor immediately ruled out one of the early pr oposals for a 
dev i ce based upon the transfer of elements from a trick-slotted 
bar with the tricks at the gauge of the 'V '-bed machine to a trick 
bar at the gauge of the straight- bar machine. Doublings were to be 
accommodated by feeding the 'V '-bed bar two pitches whilst the 
straight- bar machine bar moved only one pitch (see Fig. 11.1) . 
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The device eventually adopted is shown in Fig 11 .2 
and in Plates 11 . 1 to 11 . 6 . Prior to the regauging operation excess 
trailing yarns a re t rimmed (see Plate 11. 1) ami. the drawthread or 
hook- up yarns are removed (see Plate 11 . 2) . The magazine b~r from 
the Loughborough ART machine is then placed on the regaugin g devi ce 
such that the tips of the elements engage with t he elements of the 
transfer device (see Plate 11 . 3) . These elements are mounted in 
spring steel strips whi ch in turn are located top and bottom in 
trick- cut bars of the gauge of the ART machine (lower) and of the 
gauge of the straight- bar machine (upper) . The 16 r ibs a r e then 
transferred from the ART magazine bar elements , 0 the elements of 
the transfer machine by a comb- like se t of elements ,see Plate 11 . 4) . 
The transfer elements are then moved u pward s ou T. of engagement wi th 
the ART magazine bar elements (see Plate 11.5) . By arranging the 
strips such that they are in adjacent tricks in the upner ba r of 
the device and only in the tricks of the lower bar corresponding 
to the ART magazine bar elements carrying loops, the " empty elements" 
are "lost" as the transfer elements move from tre lower to the upper 
position. At the upper s t ation (see Plate 11 . 5) the elements are set., 
by the upper trick bar, at a gauge corresponding t o tha~ of the 
"straight bar" magazine bar . The straight - bar machine magazine 
bar is then brought forward to engage with the transfer elements 
(see Plate 11.6) . The ribs may then be transferred from the transfer 
elements to the "straight- ba r" magazine bar, see Plate 11 . 7) and this 
can be removed from the transfer device, with each element carrying 
a loop , ready to feed to the straight- bar knitting machine (see 
Plate 11. 8) . 
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The whole operation can be performed in under 30 seconds by 
the machine operator which i s well inside the initial speed sta ted 
in the terms of reference . It is thus theoretically possible for 
one regauging devi ce to service up t o 12 ' V'-bed machines providi ng 
t hat all machines are pr oducing at the same gauge . Any number of 
different gauges can be handled by the device simply by changing 
the upper and lower trick- cut bars to sui t the gau ges of the ' V'-bed 
and straight- bar machine s . 
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Trimming the excess trailing yarns . 
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The ART machine bar elements are engaged 
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CRAPTER 12 
SUMHARY AND CONCLUSIONS 
12 .1 Summary of t he ART System 
The research , design and development programme descr ibed in 
this thesis , has led to a novel , low cost conversion for standard 
'V'-bed knitting machines , equipped with bed- to- bed stitch transfer 
facilities , to enable the loops of knitted rib fabric pieces t o be 
automatically transferred to the elements of a standard fully -
f ashioned magazine bar. This has been termed the Loughborough 
Automatic Rib Transfer (ART) System . In order to perform th is 
rib transfer function, eight specially developed cam- operated 
mechanisms have been attached to a standard ' V' - bed machine. These 
mechanisms perform the following functions : 
(i) The take- down mechanism applies a downward force t o the 
knitted loops to facilitate knitting . 
(ii) The take- off mechanism removes the last course of knitted 
loops from t he knitting elements , subsequently transferring 
these loops to the elements of the magazine bar . 
( iii ) The magazine bar mechanism collects the knitted loops 
from the take- off elements and stores the completed ribs . 
(iv) The sweep- off mechanism sweeps the knitted loops from the 
take-off elements to the magazine bar elements . 
(v ) The cut- and- cl amp mechanism clamps the umbilical yarns 
still attached t o the machine and sever s th em from the rib. 
(Vi) The bed-drop mechanism provides the means of setting u p 
the last course of knitted loops on the knitting elements 
prior to transfer and provides access to the knitting zone 
for the take- off elements . 
- - --- _ .- - - - -----------
(vii) The pres s- off mechanism releases the welt edge of the rib 
from the take-down hooks. 
(viii) The yarn tension control mechanism reduces the yarn tension 
during the descent of the rib from the knitti ng zone to the 
lower trans fer point. 
The system allows for up to 24 ribs to be loaded on to each 
magazine bar for subsequent transfer, via a specially developed 
gauge- changing device, namely the Loughborough Regauging machine, 
to a standard fully-fashioned machine magazine bar and hence to the 
knitting heads of conventional fully-fashioned knitting machines . 
12 . 2 Conclusions 
The aim of this research , design and development project was to 
produce an economically priced ' bolt- on' attachmen t capable of being 
fitted to a standard powered ' V'-bed machine to f acilitate the auto-
matic transfer of the last course of knitted loops from the knitting 
elements of the machine to the elements of a magazine bar. 
The embodiment of this conversion now exists in the form of 
the Mark III Loughborough ART machine and its associated Regauging 
machine. This system i s capable of f eeding knitted rib s to fully-
fashioned knitting machin es and i s currently running on three shifts , 
for five days per week at the Leicester factory of Corah Ltd . (17). In 
terms of productivity, the ART system does not , as yet, ma tch that 
of a standard, unconverted machine but has the potential to achieve 
this in the next generation of machines . However, the ART conversion 
is 25% cheaper than rival automatic rib transfer systems and is up to 
45% more productive. In the present depressed economic climate, with 
severe competition from cheap foreign imports , the British knitwear 
industry could have the immediate opportunity to reduce 'its produ c tion 
costs and mee t this challenge by economically converting existing ' V'-
bed machines . 
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The concepts developed in the ART sys tem are completely ori ginal; 
therefore the possibility exists for UK t extile machinery companies 
to exploit the patents for a new range of complete machines embodying 
the ART principles of automatic rib transfer. 
A critical compari son of t he Loughboroug h ART sy s tem 
of automatic rib transfer with other curren tly available 
systems i s made in th e App endix . 
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GLOSSARY 
Cotton's Gauge. Th e number of elements in a It i nch l eng th 
i. e . Cot ton's 21 gauge = 14 n eedl es per inch (N.P.I.) 
" 9 " _ 6 N.P.I. 
Eye (of an element). An indentation or 'hole' through an 
element 
Jacquard. A jacquard machine has the facility to independen tly 
select the operation of each element. 
Knitting Reads or Sections. A fully-fashioned knitting machine 
is made up of several knitting heads or sections 
(usually 8, 12, or 16 in number) driven by a common 
camshaft and control system. 
Neb. The nose or tip of an element . 
Pelereen. A piece of spring steel s ecur ed to the side o f a 
knitting element to hold open a yarn l oop for transfer 
to another el ement. 
Quality Cams. The cams in a knitting machine cam box which 
set the amount of yarn drawn in to a kni t t ed l oop . 
Selection Jacks. The el ements in a jacqua rd knitting machine 
which select the knitting elements. 
Shogging. The r el ative sideways movement be tween two 
adjacent knitting beds or s ets of elements. 
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Slack Course. A course of knitting where the loops contain 
a greater l ength of yarn than the loops of the 
adjacent courses to highlight the course and t o assist 
loop transfer. 
Slurcock. In a fully-fashioned knit t ing machine it is the 
slurcock that cause.., the required length of yar n to be. an.WI\ 
around the kni t ting el ernen ts b~ -+I,e. Sil)/ar ~e....e"k.. 
System- Single or Double. Certain 'V'-bed knitting machin es 
have two sets of knitting cams and yarn carriers t o 
enable two courses to be knitted with each travers e 
of the carriage (doubl e sy s tem) rather than singl e 
system knitting where only one course is knitted 
with each traverse. 
Trick. A slot in which elements are located. 
-- ---------------------------------------------------------------------------------------
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APPENDIX 
A CRITI CAL CQJ.;PARISON OF THE LOUG HBOROUGH ART SYSTEM 
WI TH OTH ER CURRENTLY AVAILABLE SY STEI:'S OF 
AUTOMAT I C RI B TRANS FER 
Th e objective o f t he Loughborough ART pr ogramme o f wor k was 
to produ ce a low- cost, 'bolt- on ' att achmen t for existing ' V' - bed 
knit t ing machines to enabl e t h em t o automatically trans fe r a 
kni t t ed r ib bo r der f r om t he kn i tting elemen t s t o a magazine bar 
for subsequ ent t r ans f er on to a st r ai ght bar knit t i ng machin e . 
Th e Loughbor ough ART system o f automatic r ib trans fe~ i n its 
l a test fo r~ has a numb er of advan t ages over o th er cur r ent l y 
a vai l ab l e sy s tems : 
1. Th e cost of t he ART ma chine conver s i on is expected t o 
b e appr oximately £15 , 000 compare d wi t h £20, 000 f or 
ma chines such as th e Bentl ey Cot t on Au t orib 3 or the 
Bo ehringer Ribomat . 
2 . The co nver sion util ises exi s ting ' V' - bed machines , 
r emoving th e ne ed t o 'sc r ap ' o r s el l - off costl y 
exi s ting plan t a s would be necess ary if a compl ete 
conventional automa tic r i b t r a ns f er ma chi nmwere t o be 
purchased . 
3. The lat est ART s yst em is as pr oduct i ve as t he unmodifi ed 
'V '-bed machine, thus enabl ing 4 cuff ribs or 2 body r ibs 
t o be knitt ed on a modifi ed machine with 200cm wide beds . 
Systems such as the Autorib 3 and t he Ribomat can on l y 
aCCOlTlITI<Xlate 2 cuff r ibs or one body r ib per machi ne . 
Therefore t he ART system i s potentially much more 
pr oductive despi t e the slightly hi gh er knitting spee ds 
possi bl e wi t h the narrower bedded ma chine s . 
4 . The na t ur e o f the ART rib trans f er pr o cess makes the 
operation o f l oop trans f er general l y more to l er an t o f 
misalign ed el ements than the o t he r sys t ems o f r ib t r ans fe r . 
Sys t ems s uch as the Au t orib r equi r e t he kni tt i ng el emen t s 
to be engaged wi th a small eye in the opposing trans f er 
e l ement . Thi s engagemen t is in the vertica l sens e, 
--- --- ------------------------------------------------------------------
,--------------- - - - - - - - -
thus any sid eways mi s alignment betw een t he t wo se t s o f 
elements may cause a loop to b e ' droppe d '. Th e ART pr oc ess 
introduc es the tak e- off el ements into t he kni tting zone 
between the knit t ing elemen t s and engagemen t i s by a 
sideways movement of th e knitt ing e l emen ts , eliminating 
any sideways misalignment between the two sets o f elements . 
5. The use of exi s ting 'V' - bed ma chin es by the ART sy s tem en abl es 
rib borders t o be knitt ed a t a coarser gaug e than th a t 
of the s traight bar machin e . Thi s p er mi ts a wide r ange 
of yarn types a nd counts to be kni tt ed . Sy st em s su ch a s 
the Autorib 3 and Ribomat have beds that are of the same 
gauge as the straight bar machines and so limit the range 
of usable yarns. 
6. The Lou ghborough Regauging devic e complements the ART 
system by allowing any combinations of doublings or 
changes of gauge to be performed . Operations s u ch as 
moving a l oop at the junction of the ri b an d pl ain fabri C 
t o highl i ght a cable st:i±ch are vastly simplified by th e 
use of this device (S ee Chapt er 11) . 
7 . The ART system may be used to feed au~omatic linking 
systems such a s the Boehringer Auto linker . 
The many benefits offered by the Loughborough ART system 
of automatic rib transfer now enable the smaller knitwear 
manufacturer , threa tened by the incr easing i mportation o f 
cheap knitwear, to enter t he field o f automatic rib transfer 
to reduce production costs and to com pe t e i n te rms of price 
and quality with these i mport s . 

